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Notice 


This  repon  has  been  prepared  for  the  Air  Force  by  CH2M  HILL  for  the  purpose  of  aiding  in  the  implemen¬ 
tation  of  a  final  remedial  action  plan  under  the  Air  Force  Installation  Restoration  Program  (IRPi.  Because 
the  report  relates  to  actual  or  possible  releases  of  potentially  hazardous  substances,  its  release  prior  to  an  Air 
Force  final  decision  on  remedial  action  may  be  in  the  public's  interest.  The  limited  objectives  of  this  report 
and  the  ongoing  nature  of  the  [RP.  along  with  the  evolving  knowledge  of  site  conditions  and  chemical 
effects  on  the  environment  and  health,  must  be  considered  when  evaluating  this  report,  since  subsequent 
facts  may  become  known  that  may  make  this  report  premature  or  inaccurate.  Acceptance  of  this  repon  in 
performance  of  the  contract  under  which  it  is  prepared  does  not  mean  that  the  Air  Force  adopts  the  conclu¬ 
sions.  recommendations,  or  other  views  expressed  herein,  which  are  those  of  the  contractor  only  and  do  not 
necessarily  reflect  the  official  position  of  the  Air  Force. 
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Executive  Summary 


\  Roiiicilial  liucstigalion/hL'asibilily  Study  (Rl/FS)  was  (icrlorincd  at  the 
NkCLIIau  Air  Force  Base  (McClellan  AFB)  Davis  Global  Coininuniea- 
iions  Site  (Davis  Site)  Iroin  June  ldd2  ihroiij  Auiiusi  IW.J.  This  report 
presents  the  results  of  the  Rl/FS  as  well  as  a  compilalion  of  the  remedial 
iiuesiieations  (RIs)  that  have  been  perlonned  at  (he  Davis  Site  sinee 
l‘Ws.  The  purpose  of  the  Rl/FS  was  to  provide  an  implemeniable  strategy 
lor  site  remediation  that  complies  with  environmental  restoration  izotils  set 
lorth  in  the  Federal  Facilities  Site  Remediation  Agreement  (FFSRA).  The 
FFSR  A  w;ls  signed  in  FW2  by  McClellan  AFB  ;md  the  State  of 
Calilornia's  Depiutment  ol  Toxic  Substances  Control  and  RegiomU  Water 
Quality  Control  Bisu'd. 

Site  Background 

The  Davis  Site  is  ;ui  annex  ol  McClelhm  AFB  located  approximately 
4  miles  south  of  the  City  ol  Davis.  The  site  covers  .Mb  acres  in  Yolo 
County  ;uid  is  surrounded  by  liumland.  The  site  was  built  in  the  citfly 
l‘ls()s  as  a  transmitter  facility  of  the  Depiu'tment  of  Defense  for  western 
hemisphevc  operations.  It  is  currently  staffed  24  hours  a  day  with 
approximalelv  12  members  of  (he  2()4yth  Communications  Squadron. 

In  Rtxs,  three  iiiulergroiind  diesel-fuel  tanks  ;uul  icssocialed  piping  were 
discovered  to  be  leaking  diesel  fuel.  The  three  storage  Imtks  were 
drained  and  removed  in  IdSX.  During  the  underground  i;utk  investigation, 
groundwater  samples  Iroin  beneath  the  site  were  found  to  contain  measur¬ 
able  levels  ol  vohuile  organic  compounds  (VOCs).  Both  VOC  ;uid 
hydnviubon  coni;uninalion  from  diesel  fuel  remain  in  both  (he  vadose 
/one  and  in  the  groiindwtiter  beneath  the  site.  It  is  speculated  that 
historic  disposal  practices  of  cleaning  solvents  is  the  source  of  VOC 
coniiuiiinaiion  at  the  site.  This  report  focuses  on  the  VOC  conituninalion 
beneath  the  site.  Currently,  a  bioventing  treatability  study  addre.ssing  the 
hydroesubon  conliuninalion  is  being  [x;rfonned  sepitfate  from  the  Rl/FS. 
Pending  the  results  ol  that  study,  this  report  does  not  address  hydriKiu'bon 
coni.iminalion  as  a  portion  of  (he  remedial  action. 

Remedial  Investigation/Feasibility  Study 
Approach 

The  approach  for  Ihc  Rl/FS  relied  on  using  rlata  from  previous  investiga¬ 
tions  to  idcniilv  areas  ol  uncertainly.  Field  investigations  were  (hen 
pertormcil  lo  reduce  or  eliminate  the  uncertainty.  Objectives  for  the 
Rl/FS  were  divided  inlo  vadose  /one  :utd  groiindwjiter  actions.  The 
vadose  /one  ohieLlives  meliided  delerinining  the  extent  ol  soil  gas 
L iiniaminalion.  idenlilying  .ireas  of  VOC  conliunination.  identifying  ;ueas 


lii 


KIIDI'wii:  \  !(  WI'S  Kl.l  S 


where  soil  vapor  monitoring  wells  should  be  installed,  and  providing 
conuunintint  data  that  could  be  used  in  human  hetilth  or  ecological  risk 
tissessment  activities. 


The  vadose  zone  objectives  were  met  by  performing  ;in  extensive  shallow 
soil  gas  survey  covering  the  eastern  third  of  the  fenced  compound  :ind 
north  and  east  of  the  fenced  compound  area.  The  shallow  soil  gas  survey 
identified  areas  of  VOC  contamination  within  the  vadose  zone.  In  areas 
of  high  VOC  contamination,  soil  vapor  monitoring  wells  were  installed 
and  sampled  for  VOC  contamination.  The  shallow  soil  gas  survey  <md 
soil  vapor  monitoring  well  siimpling  provided  contaminant  concentration 
data  that  were  used  to  develop  VOC  mass  estimates  for  the  vadose  zone. 

The  groundwater  objectives  included  determining  the  extent  of  contam¬ 
ination  and  seasonal  variations  in  water  quahty;  describing  the  site  hydro¬ 
geology;  characterizing  seasonal  variation  in  flow  direction,  vertical  and 
horizontal  hydraulic  gradients;  and  detennining  the  presence  of  both 
coarse-  and  fine-grained  units  to  estimate  their  potential  to  act  as  aquifers 
or  aquitards. 


Vadose 

Zone 

A-B  Aquitard 

BZone 

B  Aquifer 

Czorie 

B-C  Aquitard 

C  Aquifer 

DZone 

D-C  Aquitard 

D  Aquifer 

EZone 

D-E  Aquitard 
EAquifer 

The  groundwater  objectives  were  fulfilled  by  performing  field  investiga¬ 
tions  and  then  subjecting  the  findings  to  hydrogeologic  and  engineering 
evaluations  to  produce  a  hydrogeologic  model  of  the  site.  The  investiga¬ 
tions  included  installing  a  touU  of  13  new  wells,  conducting  several 
aquifer  tests  on  existing  wells,  ;uid  measuring  water  levels  in  new  and 
existing  wells.  As  a  result  of  the  hydrogeologic  evaluation,  the  site  has 
been  divided  into  five  hydrogeologic  zones-A,  B,  C,  D.  and  E. 


Aquifer! aquitard  boundaries  are  not 
clearly  defined  because  of 
stratigraphic  discontinuities  across 
the  site. 


These  zones  extend  to  a  depth  of  245  feet  below  the  site  and  include  both 
permeable  aquifer  materials  (s;ind  and  gravel)  and  low  peimeidiility  aqui- 
tard  materials  (silt  and  clay).  The  low  permeability  materials,  which 
generally  exist  across  the  site  between  aquifers,  are  termed  aquitards  and 
have  been  named  the  A-B,  B-C,  C-D,  and  D-E  aquitards.  The  A  zone 
(vadose  zone)  ranges  from  ground  surface  to  65  feet  below  ground  sur¬ 
face  (bgs)  and  contains  the  A-B  aquitard;  the  B  zone  ranges  from  65  to 
95  feet  bgs  and  contains  the  B  aquifer;  the  C  zone  ranges  from  95  to  145 
feet  bgs  and  contains  the  B-C  aquitard  and  the  C  aquifer,  the  D  zone 
ranges  from  145  to  195  feet  bgs  and  contains  the  C-D  aquitard  and  the 
D  aquifer;  and  the  E  zone  ranges  from  195  to  245  feet  bgs  and  contains 
the  D-E  aquitru-d  and  the  E  aquifer. 


Sampling  of  groundwater  from  monitoring  wells  at  the  Davis  Site  is 
performed  by  Radian  Corporation  on  a  quarterly  basis.  This  RI/FS 
Report  includes  data  collected  through  July  1993.  These  data  are  used  as 
the  basis  for  the  findings  and  recommendations  oresented  in  this  report, 
including  development  of  mass  estimates,  targ  eas  and  volumes,  and 
groundwater  modeling. 


Groundwater  levels  in  the  area  of  the  Davis  Site  typically  fluctuate  30 
feet  or  more  per  year  as  a  result  of  agricultural  pumping  near  the  site. 
The  magnitude  iind  direction  of  horizontal  hydraulic  gradients  vary 
considerably  between  the  upper  (B  and  C  aquifers)  and  the  lower 
aquifers.  Vertictd  hydniulic  gradients  are  typically  steeply  downward 
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during  lire  sutninertiine  (from  ihc  B  ;u\d  C  aquifers  lo  the  D  and  E 
aquifers)  and  slightly  upward  during  the  wintertime  (from  the  D  and  E 
aquifers  to  the  B  and  C  aquifers). 


Distribution  of  Contaminatioii 

Historical  groundwater  quality  and  soil  gas  data  were  evaluated  for  the 
occurrence  and  disuibution  of  VOC  tuid  semi-VOC  contamination.  A 
preliminary  risk  assessment  was  perfonned  to  evaluate  the  risk  posed  by 
the  distribution  of  contamination  within  the  vadose  zone  and  ground- 
water.  From  tliis  evaluation,  a  list  of  contjunimmts  of  concern  ((X)Cs) 
was  generated  based  on  whether  tlic  conuuninrmt  posed  greater  than 
1  percent  of  the  total  risk  for  the  groundwater  and  vadose  z,..^e.  Several 
semi-VOCs  associated  with  diesel  fuel  were  identified  as  CXX^  in  the 
risk  evaluation.  Because  these  compounds  are  associated  with  the 
hydrocarbon  contamination,  they  were  not  considered  as  COCs  for  the 
Rl/FS.  A  subset  of  the  total  COCs  for  the  site  (SCOCs)  was  generated 
for  the  groundwater  and  vadose  zone.  The  SCOCs  for  the  vadose  zone 
include  tetrachloroethene  (PCE),  trichloroetliene  (I  CE),  1,1-dichloro- 
ethene  (1,1-DCE),  benzene,  vinyl  chloride,  toluene,  and  xylene.  Ground¬ 
water  SCOCs  include  PCE,  TCE,  1,1-DCE,  benzene,  vinyl  chloride,  1.1- 
dichloroethane  (1,1-DCA),  and  trans  and  cis  isomers  of  1,2-DCE. 

An  estimate  of  the  total  mass  of  conhunination  present  beneath  the  site 
was  calculated.  The  estimate  is  shown  in  Figure  ES- 1.  Approximately 
324  kilograms  (kg)  (715  lb)  of  contamination  is  estimated  to  be 
distributed  throughout  the  subsurface  at  the  Davis  Site.  The  estimated 
mass  of  contamination  per  depth  zone  is  shown  in  Figure  ES-i.  Over 
85  percent  of  the  contamination  resides  above  the  C-D  aquitard  beneath 
the  site.  The  most  prevalent  compounds  in  terms  of  contaminant  mass 
are  PCE,  TCE,  and  1,1-DCE. 


Contaminant  Movement 

The  R1  findings  are  presented  in  Chapters  1  through  5  of  this  report. 

Field  investigation  activities  are  profiled  in  Chapter  2;  site  hydrogeology 
is  described  in  Chapter  3;  and  Chapter  4  presents  interpretation  of  the 
ancilytica)  data  regarding  contaminant  movement  in  terms  of  the  hydro¬ 
geologic  model.  Of  particular  interest  is  Figure  4-7,  located  in  Chapter 
4.  This  figure  depicts  the  conceptual  model  for  the  site,  showing  poten¬ 
tial  and  probable  contaminant  pathways  through  the  subsurface. 

Through  vadose  zone  modeling,  it  w,xs  determined  that  the  occurrence  of 
VOCs  in  the  vadose  zone  could  be  a  continuing  source  of  groundwater 
conhunination  for  hundreds  of  years  if  left  unchecked.  The  contamination 
is  liKated  primarily  north  and  ertst  of  the  fenced  compound  area 

It  was  determined  tliat  VCXT  groundwater  contamination  has  been  spread¬ 
ing  both  outward  and  downward  beneath  the  site.  Tire  level  of  dissolved 
VOC  contamination  within  the  B  aquifer  has  decreased  during  the  last  5 


SCOCs 

Vadose  Zone 

Groundwater 

PCE 

TCE 

U-DCE 

Benzene 

Vinyl  Chloride 
Toluene 

Xylene 
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1.1- DCE 
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Vinyl  Chloride 

1.1- DCA 

1.2- DCE 
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yeiirs.  while  ihe  level  of  Lontamination  within  the  C  and  D  tiquifers  has 
increased. 


Risk  Assessment 

Chapter  >  presents  a  suinin:iry  of  the  preliinintiry  risk  tissessinent.  which 
was  completed  ;ls  a  sepiirate  document.  The  preliminary  risk  tissessment 
addresses  both  hum;m  he;ilth  risks  iind  ecological  effects  tissociated  with 
contamination  detected  at  the  Davis  Site.  The  preliminary  risk  asse.ss- 
ment  was  btrsed  on  a  reasonable  maximum  exposure  (RME)  scen;trio  ;ind 
was  developed  in  accordance  with  applicable  federal,  suite,  and 
Insuillation  Re.storation  Program  guidance. 

Results  of  the  ri.sk  as,se.s,sment  indicate  that; 

•  Conditions  do  not  exist  that  pose  imminent  or  substantial 
danger  to  hur^.aii  health  or  the  environment. 

•  Some  tiction  may  be  required  to  reduce  future  risks  to 
human  health  associated  with  conUuninants  detected  in 
groundwater. 

•  Further  action  is  not  indicated  to  reduce  human  health  risks 
tissociated  with  direct  contact  exposures  (soil  ingestion  and 
dermal  contact),  to  petroleum  hydrocarbon  contaminants  in 
soil  or  inhalation  exposures  from  emissions  of  VCXTs  from 
soil  gas  to  the  air. 

•  Ecological  resources  potentially  at  risk  are  limited.  Certain 
remediation  activiues  could  result  in  small  losses  of  foraging 
habitat  for  Swainsou's  hawk. 


Remedial  Action  Objectives 

Remedial  tiction  objectives  developed  for  the  Davis  Site  include  the 
following; 


Reduce  or  eliminate  levels  of  subsurface  contamination  that 
pose  a  potential  threat  to  human  health  or  the  environment. 

Prevent  the  spread  of  groundwater  contamination  beneath  the 
site,  >'sn*>cially  to  regional  aquifers. 

Provide  implementable  strategies  tor  remedial  actions  as 
quickly  as  possible  and  still  maintain  co  ipliance  with  the 
FFSRA  sch''<fule. 


Screening  of  Potential  Remedial  Actions 

The  FS  is  presented  in  Chapter  f>.  Remedial  action  alternatives  for  die 
vadose  /.one  and  groundwater  are  developed  in  Chapter  6.  No-action 
cleanup  options  are  presented  for  both  the  vadose  zone  and  groundwater 
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Ill  provide  :i  baseline  ajiainsl  whieh  ihe  aelions  can  he  eompiired.  The 
alternative  selection  process  ol  the  FS  is  diagramed  on  Fijture  ES-2.  Four 
alternatives  were  evaluated  lor  the  FS: 


•  Alternative  l-\o  cleiutup  lor  either  the  vadose  /one  or  the 
croundwater  (the  No-Aclion  Alternative) 

•  Alternatoe  2-Soil  vaixir  extraction  tSVE)  tor  the  vadose 
/one  ;md  no  action  lor  the  eroundwater 

•  Alternative  '-Groundwater  extraction  with  no  action  lor  the 
'adose  /one 

•  Alternative  4-Both  SVE  ;ind  croundwater  extraction 

Each  cleanup  option  consists  ot  a  capture,  treatment,  and  end-use  compo¬ 
nent.  The  lour  iilternatives  me  then  compared  aciunst  each  other  and  the 
nine  Superlund  eciiluation  criteria.  Innovative  options  lor  cleiuiup  me 
discussed  which  could  enhiuice  vadose  /one  and  eroundwater  remedia¬ 
tion.  The  alternatives  me  evidualed  iisini;  two  sepmate  groundwater 
tmgei  coliiines.  Tmget  Volume  1  consists  ot  contiunination  present  above 
the  G-D  aquitmd,  Tmget  Volume  2  consists  ol  all  known  contamination 
Iroin  the  l;uid  surface  down  to  the  bottom  ol  the  E  .iquiler. 

The  remedial  action  will  be  selected  by  McClellan  AFB  and  must  meet 
,ipprov;d  by  the  ('alilornia  Environmental  Protection  .Agency.  This  report 
and  its  recommendations  have  been  structured  to  be  compatible  with 
existing  planned  intennediate  remedial  actions  as  well  as  remedial  actions 
that  me  currently  being  implemented. 

Site  chmacten/ation  uncertainties  me  addressed  in  the  ES  in  terms  ol 
contingencies  tor  the  remediiu  .iction  options.  For  exmnple.  it  the 
estimated  aquiter  transmissivities  me  higher  than  actuid  transmissivities, 
addiiiouid  wells  would  be  required  tor  groundwater  capture.  This 
iruislates  into  additional  cost  lor  well  construction,  piping,  and  operation 
.ind  mmntenance.  I  ncertmnties  ;uid  associated  contingencies  me 
tabulated  in  Chapter  b. 

(Conclusions 

A  lull  list  ot  conclusions  generated  dunng  Ihe  site  evaluation  me 
presented  in  Chapter  7,  idong  with  recommendations  tor  additionid  work. 
The  list  ot  COCs  and  potential  remedial  actions  tor  each  COC  is 
tabulated  in  Chapter  7. 

The  billowing  is  a  synopsis  ot  the  conclusions: 

•  It  let!  unchecked,  vadose  /one  coniiunination  will  continue 
to  degrade  groundwater  quality  b-r  several  hundred  years. 

•  Sleep  ilownwmd  vertical  gradients  and  increased  hon/ont;d 
gradients  that  exist  beneath  the  site  during  the  late  spring 
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•  Vadose  Zone: 

No-Action 

•  Groundwater: 

No-Action 


•  Vadose  Zone: 

SVE 

•  Groundwater: 

No-Action 


ALTERNATIVE  NO.  3 


•  Vadose  Zone: 

No-Action 

•  Groundwater: 

Pump  &  Treat 


•  Vadose  Zone: 

SVE 

•  Groundwater: 

Pump  &  Treat 


FIGURE  ES-2 
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and  summer  promote  conuunintini  movement  from  shallow, 
more  contaminated  zones  to  deeper,  less  conuuninated,  more 
transmissive  aquifers.  This  results  in  linger  target  volumes 
for  groundwater  remediation,  especially  in  the  C,  D,  and  E 
zones,  wliich  tfanslates  into  higher  costs  for  the  eventual 
remedial  action. 

Implementation  of  soil  vapor  extraction  within  the  vadose 
zone  would  reduce  or  remove  the  threat  of  contaminant 
loading  to  the  groundwater. 

Groundwater  extraction  and  treatment  would  inhibit  offsite 
movement  of  groundwater  contamination  and  serve  to 
remediate  subsurface  contamination  to  levels  accepted  by  the 
California  Environmental  Protection  Agency. 


Report  Volumes  II  and  III 

Volume  II  of  this  report  contains  Appendixes  A  through  P.  These  appen¬ 
dixes  present  more  detailed  information  concerning  various  investigations 
and  evaluations  conducted  as  part  of  the  Davis  Site.  Volume  II  includes 
a  discussion  of  the  soil  gas  investigation  (Appendix  A),  air  permeability 
testing  (Appendix  B),  treated  groundwater  reuse  soils  investigation 
(Appendix  C(a)),  geotechnical  exploration  for  the  onsite  reservoir 
(Appendix  C(b)),  and  a  summary  of  field  activities  (Appendix  D). 

Groundwater  contour  maps  are  presented  in  Appendix  E,  mass  estimates 
for  COCs  are  discussed  in  Appendixes  F(a)  and  F(b),  and  an  analysis  of 
potential  ARARs  is  presented  in  Appendix  G.  Appendix  G  will  be 
updated  following  receipt  of  the  ARARs  solicitation.  Vadose  zone  con¬ 
tamination  impacts  are  discussed  in  Appendix  H;  and  soil  vapor  extrac¬ 
tion,  groundwater  extraction,  and  hydrocarbon  remediation  are  discussed 
in  Aprendixes  I,  J,  and  K,  respectively. 

SVE  gas  and  stripper  offgas  treatment  are  evaluated  in  Appendix  L; 
groundwater  treatment  and  end-use  options  are  discussed  in  Appendixes 
M(a)  and  M(b).  Natural  biological  groundwater  attenuation  is  presented 
in  Appendix  N;  dual-phase  extraction  is  discussed  in  Appendix  O;  and 
Appendix  P  presents  information  concerning  data  validation. 

Volume  III  contains  lithologic  and  geophysical  logs  (Appendix  Q),  cone 
penetrometer  data  (Appendix  R),  well  construction  data  (Appendix  S), 
hydropunch  data  (Appendix  T).  and  historical  contaminant  data 
(Appendix  U). 

A  prelimin.'iry  risk  assessment  for  the  Davis  Site  has  also  been  prepared 
as  a  sep.'irate  report  and  is  being  submitted  concurrently  with  this  RI/FS 
Report. 
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Assembly  Bill 

the  accumulation  of  gases,  liquids,  or  solutes  on  the  surface  of  a 
solid  or  liquid 

a  local  change  in  the  properties,  such  as  temperature,  of  an  air 
mass  caused  by  the  horizontal  movement  of  the  air  m;Lss.  Con¬ 
taminant  release  is  advection-controlled  when  the  rate  of  contam¬ 
inant  removal  rises  with  increased  vapor  extraction  system  flow. 

a  geologic  unit  through  which  air  can  flow  to  an  extraction  well; 
analogous  with  the  term  "aquifer."  but  for  air  rather  than  water 

a  geologic  unit  that  retards  the  flow  of  air;  analogous  with  the 
term  "aquitard,"  but  for  air  rather  than  water 

For  the  Davis  Site,  four  alternatives  have  been  developed; 

(1)  no  action  for  the  vadose  zone  or  groundwater.  (2)  soil  vapor 
extraction  of  the  vadose  zone  and  no  action  for  groundwater; 

(3)  no  action  for  the  vadose  zone  and  pump  and  treat  the  ground- 
water:  and  (4)  soil  vapor  extraction  for  the  vadose  zone  and 
pump  and  treat  the  groundwater. 

the  process  of  removing  halogens  from  halogenated  compounds 
by  replacing  them  with  hydrogens  under  anaerobic  conditions 

an  underground  zone  of  earth,  gravel,  or  porous  stone  that  yields 
water;  beneath  the  Davis  Site,  as  many  as  seven  different  coarse¬ 
grained  units  have  been  deflned  as  aquifers  and  given  letter 
designations  A  through  G.  sequentially  increasing  with  depth. 
This  report  discusses  the  B.  C.  D.  and  E  aquifers. 

an  underground  low  permeability  zone  that  restricts  or  retards  the 
passsage  of  water  from  an  overlying  or  lower-lying  aquifer.  This 
report  references  the  A-B,  B-C.  C-D,  and  D-E  aquitards. 

Applicable  or  Relevant  and  Appropriate  Requirements 

atmosphere 

best  available  control  technology 

best  demonstrated  available  treatment  technology 

below  ground  surface 
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biotransformation 


bioventing 

BTEX 

Ca 

CAA 

CAAQS 

Cal/EPA 


CARS 

CatOx 

CCR 

CEC 

CERCLA 

CH, 

cis-1.2-DCE 

CLP 

CO 

CO2 

COCs 
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the  biological  processes  that  lead  to  transfonnaiion  of  a 
compi>und;  such  as  complete  mineralization  of  a  compound  to 
carbon  oxide  and  water,  uptake  and  incorporation  of  the 
compound  into  the  microorganism  as  cell  material,  conversion  of 
the  compound  to  metabolic  end  products,  or  reduction/oxidation 
of  the  compound  to  other  compounds 

a  technique  where  air  is  applied  to  the  vadose  zone  to  increase 
soil  gas  oxygen,  and  thereby  increase  aerobic  biological  activity, 
allowing  micro-organisms  to  break  down  contaminants 

benzene,  toluene,  ethylbenzene,  and  xylenes 

calcium 

Clean  Air  Act 

California  Primary  and  Secondary  Ambient  Air  Quality  Stan¬ 
dards 

California  Environmental  Protection  Agency;  Cal/EPA  is 
composed  of  the  Department  of  Pesticide  Regulation,  the 
Department  of  Toxic  Substances  Control,  the  Office  of 
Environmental  Health,  the  Air  Resources  Board.  Integrated 
Waste  Management  Board,  State  Water  Resources  Control 
Board,  and  nine  Regional  Water  Quality  Control  Boards.  In  this 
RI/FS,  Cal/EPA  encompases  the  Department  of  Toxic  Substances 
Control  and  one  of  the  nine  Regional  Water  Quality  Control 
Boards 

California  Air  Resources  Board 
catalytic  oxidation 
California  Code  of  Regulations 
cation  exchange  capacity 

Comprehensive  Environmental  Response.  Compensation,  and 
Liability  Act  of  1980  (the  Superfund  law) 

methane 

cis- 1 ,2-dichloroethene 
Contract  Laboratory  Program 
carbon  monoxide 
carbon  dioxide 
contaminants  of  concern 
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COD 


chemical  oxygen  demand 


COE 

cometabolic  elements 
cometabolism 

component 

CORA 

CPT 

CVRWQCB 
CWA 
Davis  Site 

1.1- DCE 

1.2- DCE 
desorption 
DHS 

diffusion 

DNAPL 

DREs 

DTSC 

dual-phase  extraction  system 

EBT 


U.S.  Army  Corps  of  Engineers 

the  elements  necessary  for  cometabolism  to  occur 

the  pr(x;ess  whereby  a  "primary  substrate"  such  xs  toluene,  ethyl 
benzene,  or  others,  induces  production  of  non-specific  enzymes 
that  oxidize  chlorinated  aJiphatics  such  as  TCE.  This  pnxess 
can  "biotransform"  contaminants  in  groundwater  to  a  nonh:iz;ird- 
ous  state. 

For  the  Davis  Site,  capture,  treatment,  and  end  use  the  com¬ 
ponents  of  vadose  zone  and  groundwater  cleanup  options. 

a  computer  program  for  cost  estimating.  Uses  the  site  conditions 
and  selected  treatments  to  calculate  capital  and  O&M  costs  tor 
each  treatment,  along  with  site  preparation  costs. 

cone  penetrometer  test 

Central  Valley  Regional  Water  Quality  Control  Board 
Clean  Water  Act 

McClellan  Air  Force  Base  Davis  Global  Communications  Site 

1.1- dichloroethene 

1 .2- dichloroethene 

the  process  of  removing  an  absorbed  or  adsorbed  substance 

State  of  California  Department  of  Health  Services,  known  xs 
DTSC.  Department  of  Toxic  Substances  ConU'ol 

the  spontaneous  intermingling  of  two  or  more  substances  as  a 
result  of  random  thermal  motion.  Contaminant  release  is  diffu¬ 
sion-controlled  when  the  contaminants  migrate  into  the  vapor 
phase  at  a  relatively  slow  rate  that  does  not  depend  on  the  mag¬ 
nitude  of  soil  vapor  extraction  system  flow. 

dense  non-aqueous  phase  liquid 

destruction  and  removal  efficiencies 

State  of  California  Department  of  Toxic  Substances  Control 

a  system  designed  to  simultaneously  remove  soil  gas  and  water 
from  a  single  well  screened  at  or  above  the  water  table 

electron  beam  technology 
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EC 

electrical  conductivity 

EDB 

ethylene  dibromide 

EPA 

U.S.  Environmental  Protection  Agency 

ESI 

Engineering-Science,  Inc. 

FFSRA 

Federal  Facilities  Site  Remediation  Agreement 

FID 

flame  ionization  detector 

FIFRA 

Federal  Insecticide.  Fungicide,  and  Rodenticide  Act 

FRP 

fiberglass-reinforced  plastic 

FS 

feasibility  study 

GAC 

granular  activated  carbon 

GC 

gas  chromatograph 

GC/MS 

gas  chromatograph/mass  spectrometer 

GCyTCD/FlD 

gas  chromatograph/thermal  conductivity  detector/flame  ionization 
detector 

GSAP 

Groundwater  Sampling  and  Analysis  Program 

HA 

health  advisory 

halogen 

any  of  the  five  elements  fluorine,  chlorine,  bromine,  iodine,  and 
astatine  that  form  part  of  Group  VII  A  of  the  periodic  table  and 
exist  in  the  free  slate  lormally  as  diatomic  molecules 

HCI 

hydrochloric  acid 

IRP 

Installation  Restoration  Program 

IRPIMS 

Installation  Restoration  Program  Information  Management 

System 

ITC 

International  Technology  Corporation 

K 

potassium 

McClellan  AFB 

1  fcClellan  Air  Force  Base 

MCL 

maximum  contaminant  level 

MCLG 

maxiniu.n  contaminant  level  goal 

Mg 

mercury 
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MicroFem 

a  steady-state,  finite-element  computer  modeling  program  used  to 
evaluate  capture  of  contaminants  for  certain  groundwater  flow 
conditions  and  pumping  'ates  at  extraction  wells 

MLU 

a  computer  modeling  program  that  creates  a  transient, 
multiaquifer  simulation  that  uses  a  lea.st  squares,  curve-fiting 
iilgorithm  to  cidculate  aquifer  and  aquiuud  ptuiuneters  based  on 
time-drawdown  data  collected  during  iiquifer  tests 

msl 

me;in  sea  levd 

Na 

sodium 

NAAQS 

National  Primary  and  Secondary  Ambient  Air  Quality  Standards 

NCP 

National  Oil  and  Hazardous  Substances  Contingency  Plan 

NO; 

nitfogen  dioxide 

NOAEL 

no  observed  adverse  effect  level 

NO. 

oxides  of  nitrogen 

NO; 

niuogen  dioxide 

NPDES 

National  Pollutant  Discharge  Elimination  System 

NSPS 

New  Source  Performance  Standards 

NSR 

new  source  review 

O&M 

operation  and  maintenance 

O2 

oxygen 

offgas 

the  airstream  discharged  from  a  soil  vapor  extraction  system. 
Before  being  released  to  the  aunosphere.  this  contaminated  air- 
stream  will  require  some  form  of  treatment  to  remove  the  con¬ 
tamination. 

offgas  treatment  components 

At  the  Davis  Siic,  foui  treatment  possibilities  were  evaluated: 
electron  beam  technology,  catalytic  oxidation,  gas  phase  carbon 
adsorption,  and  synthetic  resin  adsorption  systems 

OSHA 

Occupational  Safety  and  Health  Act 

P 

phosphorus 

PADRE 

Purus  adsorption  desorption  remediation  material 

PCE 

perchloroethene  or  tetrachloroethene 

PID 

photoionization  detector 
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PM  10 
PNAs 
POHC 
p«ire  volume 

pt>re  volume  exchiuige 

psia 

PVC 

QAJQC 

QAPP 

OC 

RAP 

RCRA 

RID 

RI 

Rl/FS 

RME 

ROD 

ROG 

RPDs 

RWQCB 

SAP 

SARA 

SCOCs 

SCS 

SDG 

SDWA 


p;uticulate  matter  less  thtui  10  microns  in  diameter 
polynuclear  aromatic  compounds  (semi-volatile  compounds) 
principle  organic  hazardous  constituent 

volume  of  all  the  air  in  the  soil  pore  spaces  within  the  region  of 
contamination 

one  complete  replacement  of  air  in  all  the  pores  of  soil  in  a 
specified  area  with  uncontaminated  air 

ptiunds  per  square  inch  atmospheric 

p<ilyvinyl  chloride 

quality  assurance/quality  control 

quality  assurance  project  plan 

quality  control 

Remedial  Action  Program 

Resource  Conservation  and  Recovery  Act 

reference  dose,  usually  expressed  in  units  of  mg/kg-day 

remedial  investigation 

remedial  investigation/feasibility  study 

reasonable  maximum  exposure 

Record  of  Decision 

reactive  organic  gas 

relative  percent  differences 

Regional  Water  Quality  Control  Board 

sampling  and  analysis  plan 

1986  Superfund  Amendments  and  Reauthorization  Act 

subset  of  contaminants  of  concern 

Soil  Conservation  Service 

sample  delivery  group 

Safe  Drinking  Water  Act 
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• 

✓ 

SMAQMD 

Sacramento  Metropolitan  Air  Quality  Management  District 

Si 

SO, 

sulfur  dioxide 

• 

soil  gas 

gas  present  in  soils 

sorbed 

attached  or  held 

sorption 

the  process  of  sorbing;  taking  up  and  holding  as  by  adsorption  or 
absorption 

• 

SOV 

soil  organic  vapor  survey 

SPT 

standard  penetration  test 

STLC 

soluble  threshold  limit  concentration 

• 

Stripper 

a  computer  program  designed  to  calculate  design  parameters  for 
an  air  stripping  column  based  on  detailed  conditions  and  treat¬ 
ment  objectives  of  the  specified  site 

SVE 

soil  vapor  extraction 

• 

SVMW 

soil  vapctf  monitoring  well 

SWRCB 

State  Water  Resources  Control  Board 

• 

target  volumes 

the  target  area  multiplied  by  the  thickness  of  each  respective 
zone.  There  are  two  target  volumes.  Target  Volume  1  consists 
of  contamination  present  above  the  C-D  aquitard.  Target 

Volume  2  consists  of  all  known  contamination  from  the  land 
surface  down  to  the  bottom  of  the  E  aquifer. 

• 

TBACTT 

toxic  best  available  control  technology 

• 

TBCs 

to-be-considered  criteria 

1.1.1-TCA 

1.1.1  -trichloroethane 

TCD 

thermal  conductivity  detector 

• 

TCE 

trichloroethene 

TCLP 

toxicity  characteristic  leaching  procedure 

TFH 

total  fuel  hydrocarbon 

• 

THMs 

trihalomethanes 

TOC 

total  organic  carbon 

TPH 

total  petroleum  hydocarbons 

• 

. 
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• 

J 

• 

trans- 1 .2-DCE 

trans- 1 ,2-dichloroethene 

TSCA 

Toxic  Substances  Control  Act 

• 

TTLC 

total  threshold  limit  concentration 

TVOCs 

total  volatile  organic  compounds 

UBC 

Uniform  Building  Code 

• 

UFSTs 

underground  fuel  storage  tanks 

USDA 

U.S.  Department  of  Agriculture 

USDA/SCS 

U.S.  Department  of  Agriculture/Soil  Conservation  Service 

• 

UTV 

unit  target  volume-the  volume  of  air  or  water  that  is  contained 
within  a  respective  target  volume;  it  represents  a  single  pore  air 
or  pore  water  exchange 

UV 

ultraviolet 

• 

vadose  zone 

soils  above  the  water  table 

VCL 

vinyl  chloride 

VLEACH 

a  computer  modeling  program  designed  to  simulate  the  leaching 
of  volatile  contaminants  through  the  vadose  zone. 

• 

VOCs 

volatile  organic  compounds 

volatilization 

the  act  of  evaporating  or  causing  to  be  evaporated 

WDR 

waste  discharge  requirements 

• 

YSAPCD 

Yolo/Solano  Air  Pollution  Control  District 

• 

» 

• 
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Chapter  I  Introduction 


This  Ri.inei.li;il  liiv\'siiu;iliiin/Fc;iMhilil\  Sliiily  (Rl/F-S)  ivporl  was  pro- 
iliical  hy  (’H2M  HIL  L  lor  MLCIcllan  An  Force  Base  (McClellan  AFB) 
as  a  (lorlion  ol  Delivery  (')rrlcr  sOss,  muler  ('oiUraci  No  F<W6W-‘)(I-D- 


Steps  in  the  Rl/l'S  process: 

•  Identify  data  needs 

•  Ftrform  investij’ation 

•  Interpret  data 

•  Characterize  site 

•  Develop  and  evaluate  remedial 
action  alternatives 

•  Select  preferred  remedy 


This  report  has  hceri  prc|iarcd  (o  comply  widi  (he  Comprehensive 
hn\ ironmcnial  Response,  Compensalion,  anil  Liahiliiy  Act  ol  IWO 
(CFRCLA)  cuiibincc  lor  coiiduclinji  RI/FS  work.  However,  ihe  Davis 
Siic  is  lechnically  not  a  CERCLA  site.  The  Cidilornia  Environmenlal 
Proieciion  Ai!ency  is  ihe  lead  reeulalory  aeency.  The  decision  lo  prepare 
a  sillily  dial  complies  widi  CERCL  A  was  made  voluntarily  hy  McClelkui 
AFB, 


l.l  Focus  and  vStructure  of  the  RI/FS  Report 

A  workshop  was  held  on  June  JO.  I'Jdl.  nelween  CH2M  HILl,  s'.all. 
McClellan  AFB  stall,  and  representatives  Lroni  the  Stall'  o|  Cali  lorn  ia 
[tefiariinenl  ol  loxic  Substances  Conirol  (DTSC)  and  the  Reuional  Water 
(dualily  Conirol  Board  (RWQCB)  lo  achieve  consensus  on  the  appropriate 
locus  and  siruclure  ol  lliis  RI/FS  reporl.  Durinj;  Ihe  workshop,  a  list  ol 
i|iicsiions  dial  would  be  answered  in  Ihe  reporl.  alone  with  die  best 
iiiciIiihIs  lo  be  used  lor  aiiswcrinu  die  RI/FS  questions  reyianline 


Lhc  punxise  ol  Ibis  RI/FS  report  is  lo  documenl  die  current  iiiulersianiline 
ol  dll'  coniaminalion  problem  al  the  Davis  Cilobal  Communications  Site 
(Davis  Site)  and  lo  evaluate  possible  aclions  dial  could  be  taken  to  mili- 
yalc  die  problem.  ,A  suniimu'v  ol  licid  invcsliealion  activities  undertaken 
lroni  FLSS  to  the  preseni  are  presented  in  this  report.  Data  generated 
Irom  this  Lieldwork  are  suh|ecl  to  hydroireoloeic  and  eneineerinj:  evalua- 
lions.  which  are  used  lo  develop  a  hydroi:eolot.'ic  model  ol  Ihe  site  and  lo 
develop  hypolheses  reeardine  the  nature  and  extent  ol  coimuninalion. 
These  data  evaluations  then  provide  the  basis  lor  developini;  ;uid  compiu'- 
me  dillcreni  remedial  .iclion  allernalivcs  lor  the  Davis  Site 

Data  used  in  these  evaJualions  include  all  soil,  soil  tias.  and  iiroundwaler 
data  available  al  the  lime  die  report  was  prepared  diroui!h  FebruiU'v  IWL 
Water  quidily  data  Lor  July  lh‘;  J  were  available  in  dratt  Lorin  in  October 
IMhi,  These  data  were  incoiporaled  into  site  cross  .sections  and  into  Ihe 
development  o*  t.ugel  areas  and  volumes  in  Chapter  4.  Groundwater 
niiKleliii!'  w.is  |ierlormed  lo  verily  exiraclion  well  placement,  extraction 
rale^.  and  capture  /ones  lor  the  recommended  remedial  action, 
(irouiidwaler  niodchny  results  are  preseiiled  in  Apiiendix  J. 


contamination  problems  at  the  Davis  Site  were  identified.  This  RjyFS 
report  has  been  designed  to  answer  the  imprirtant  questions  regarding 
contamination  at  the  Davis  Site  using  the  presenuition  and  analysis 
methods  discussed  in  the  workshop. 

Consensus  was  also  obtained  on  a  variety  of  other  issues  at  the  June  30 
workshop,  including  remedial  response  objectives,  methodology  for 
addressing  the  petroleum  hydrocarbon  contamination,  role  of  the  risk 
assessment,  and  approach  to  the  FS.  These  items  are  summarized  in  this 
section. 

1.1.1  Remedial  Response  Objectives 

The  following  remedial  response  objectives  were  identified  for  the  Davis 
Site: 

•  Reduce  or  eliminate  levels  of  subsurface  contamination  that 
pose  a  potential  threat  to  human  health  or  the  environment. 

•  Prevent  the  spread  of  groundwater  contamination  beneath  the 
site,  especially  to  regional  aquifers. 

•  Provide  implementable  strategies  for  remedial  actions  as 
quickly  as  possible  and  still  maintain  compliance  with  the 
Federal  Facilities  Site  Remediation  Agreement  (FFSRA) 
Schedule. 

The  remedial  actions  that  are  eventually  undertaken  at  the  Davis  Site  will 
be  required  to  satisfy  the  above  objectives. 

1.1.2  Methodology  for  Addressing  the  Petroleum 
Hydrocarbon  Contamination 

Petroleum  hydrocarbon  contamination  exists  at  the  Davis  Site  as  a  result 
of  diesel  fuel  that  was  discharged  through  three  leaking  underground 
storage  tanks.  The  tanks  were  removed  in  1988,  but  contamination 
remains. 

The  zone  of  petroleum  hydrocarbon  contamination  is  currently  the  subject 
of  a  bioventing  treatability  study  being  conducted  by  Engineering  Science, 
Inc.  The  treatability  study  is  scheduled  to  be  complete  by  September 
1994. 

Characterization  of  the  zone  of  petroleum  hydrocarbon  contamination  was 
part  of  the  remedial  investigation,  and  discussion  regarding  the  extent  of 
this  zone  of  contamination  and  the  impacts  that  this  zone  may  have  on 
the  fate  and  transport  of  other  contamination  in  the  subsurface  is  included 
in  the  R1  portion  of  this  report.  However,  as  agreed  to  in  the  workshop, 
a  detailed  evaluation  of  cleanup  options  that  could  be  used  to  remediate 
the  petroleum  hydrocarbon  contamination  is  not  included  in  the  FS. 

Rather  a  .separate  less  detailed  evaluation  comparing  bioventing  with  the 
excavation  cleanup  option  is  presented  in  Appendix  K,  Hydrocarbon 
Remediation  Options. 
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The  reason  tor  doing  this  is  twofold.  First,  the  effectiveness  of 
bioventing  at  the  Davis  Site  is  currently  unknown  because  treatability  data 
;ire  not  yet  avtiilable;  therefore,  a  full  ev;iluation  tuid  coinptirison  of 
bioventing  w  ith  other  options  cannot  be  completed  until  the  treauibility 
data  lue  avtulable.  Secondly.  remedi;d  ;ilternatives  that  address  other 
contiuninant  types  at  the  Davis  Site  (e.g.,  vohitile  orgtuiic  compounds 
IVOCsl  in  soil  ;ind  groundwater)  c;in  be  evtiluated  ;md  comp;ired  using 
avmlable  data:  remedial  actions  c;in  be  .selected  ;md  implemented  for 
the.se  conuunintint  types  without  the  need  to  wait  for  completion  of  the 
bioventing  treatability  study.  This  will  allow  other  conuuninated  media  to 
begin  remediation  etu'lier  th;in  would  otherwise  be  possible  if  the  FS  wils 
not  completed  until  the  bioventing  tretitability  data  heciune  avmlable. 

1.1.3  Rule  uf  the  Risk  Assessment  in  the  Remedial 
Investigatiun/Feasibility  Study  Program 

A  risk  itssessment  document  is  being  prepared  as  a  septu'ate  deliverable  in 
Uindem  with  this  Rl/FS  report.  The  role  of  the  risk  assessment  at  the 
Davis  Site  is  to:  (1)  identify  the  conttiminants  of  concern  (COCs),  (2) 
identify  rea.sonable  exposure  pathways.  ;md  (3)  estimate  the  risks 
as.sociated  with  each  pathway. 

As  discussed  in  the  workshop,  the  exposure  pathways  that  ;ire  considered 
by  the  risk  tissessment  ;u‘e  inhtilation  of  VOCs  from  the  soil  gas.  exposure 
to  conuunintmts  from  the  site  production  well,  and  exposure  to  VOCs  in 
the  groundwater.  According  to  DTSC.  meuds  exposure  will  be  excluded 
from  risk  antdysis  because  historic  site  activities  indicate  that  there  is  no 
rea.son  to  suspect  metids  contamination. 

1.1.4  Approach  to  the  Feasibility  Study 

During  the  June  .30  workshop,  cleanup  options  to  be  evaluated  in  the  FS 
were  defined.  Possible  options  were  developed  separately  for  the  vadose 
zone  :ind  the  groundwater,  as  listed: 

Vadose  Zone  Cleanup  Options 

•  No-Action 

•  Soil  Vapor  Exo-action 

Oroundwater  Cleanup  Options 

•  No-Action 

•  Groundwater  Exu-action 

Etich  of  the  above  cleanup  options  has  different  treatment  and  end-use 
components  that  were  included  in  the  FS  evaluation.  These  are  presented 
in  Chapter  6  of  this  Rl/FS  report.  In  addition,  for  groundwater  two 
different  target  volumes  that  represent  different  regions  of  capture  were 
considered.  These  are  al.so  described  in  Chapter  6. 

At  the  request  of  McClellan  AFB  tuid  the  state  agencies,  this  report  also 
discusses  ;ind  evtduates  an  innovative  extraction  method  for  the  vadose 
zone  and  groundwater  contamination  referred  to  as  dual-pha.se  extraction. 
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This  methcxl  ;illows  conuuninated  water  and  air  to  be  extrticted  from  the 
same  well. 


1.2  Site  History 

The  Davis  Site  is  ;in  annex  of  McClellan  AFB  in  Sacramento.  liKated 
approximately  4  miles  south  of  the  City  of  Davis  (as  shown  in 
Figure  1-1).  The  site  w;ts  built  in  the  1950s  and  covers  approximately 
.M6  acres  in  Yolo  County  and  is  surrounded  by  farmland.  A  320-acre 
parcel  kxated  adjacent  to  the  west  portion  of  the  site  was  ceded  to  Yolo 
County  in  1973  for  development  as  Wilson  Park.  Currently,  part  of 
Wilson  Piu'k  is  letised  to  an  archery  club,  a  horseshoe  club,  and  a  dog 
tniining  club.  The  remtunder  is  open  grassland. 

The  Davis  Site  consists  of  the  fenced.  Main  Compound  Area  (approxi¬ 
mately  8  acres  shown  in  Figure  1-2),  communication  antennas,  and 
undeveloped  grasslands.  The  Davis  Site  is  staffed  with  approximately  12 
people  24  hours  a  day  by  the  2()49th  Communications  Squadron,  which 
operates  out  of  McClellan  AFB.  approximately  20  miles  to  the  northeast. 

In  1985.  three  underground  storage  diesel-fuel  tanks  and  associated  piping 
were  discovered  to  be  leaking  diesel  fuel.  The  tanks  were  drained  and 
removed  in  1988.  However,  during  the  course  of  the  field  investigation 
for  hydrocarbon  contamination,  VOCs  were  detected  in  groundwater 
stimples.  The  source  of  these  VCX?s  is  unknown.  However,  it  is  likely 
that  past  surface  di.sposal  practices  of  spent  solvents  contributes  to  the 
contamination  problem.  Figure  1-3  (shown  on  page  1-7)  is  a  time-line 
illustrating  contractors  that  have  worked  at  the  Davis  Site  since  1985. 
Further  details  of  investigation  activities  are  presented  in  Chapter  2  and  in 
the  appendixes. 


1.3  Remedial  Investigation/Feasibility  Study 

Objectives 

1.3.1  Remedial  Investigation  Objectives 

The  principle  objective  of  the  RI  is  to  compile  sufficient  data  to  perform 
a  feasibility  study,  develop  a  remedial  design,  and  implement  a  remedial 
action.  This  objective  is  divided  into  specific  vadose  zone  and 
groundwater  obiectives.  The  vadose  zone  objectives  are: 

•  Identify  areas  of  soil  gas  contamination  within  or  near  the 
Davis  Site. 

•  Identify  changes  in  soil  gas  concentrations  over  time. 

•  Provide  quantitative  information  on  contaminants  mass  in 
shallow  soil. 
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FIGURE  1-3 

TIME-LINE  OF  Rl  CONTRACTORS 
AT  THE  DAVIS  SITE 


•  Identify  iirciis  where  additional  soil  gas  infonnation  is 
needed. 

•  Conduct  soil  Siunpling  to  qutintily  levels  of  petroleum  hydro- 
ctirhons  tmd  the  verticiil  distribution  of  coniamimints 
observed  to  be  hot  .spots  during  the  .soil  gas  survey. 

•  Instidl  soil  vtipor  monitoring  wells 
(iroundwater  objectives  ;ire  summ;iri/.ed  ;ls  follows: 

•  Develop  a  description  of  the  site  hydrogeology  that  is  con¬ 
sistent  with  previous  interpretiitions  and  that  incorponilcs 
recent  findings. 

•  Chtiraclerize  nature  of  both  cotirse-  <ind  flnc-graincd  units  to 
estimate  their  potentitil  to  act  its  iiquifers  and  aquiltu'd.s. 
respectively. 

•  ChiiTiicteri/e  scitsoniU  variation  in  flow  direction  ;ind  verticiil 
iind  hori/ontiil  hydraulic  gnidicnts  in  contiun milled  aquifers. 

•  Investigiite  the  extent  of  contiuniiiiition  in  the  B  iiquifer  north 
ol  the  northciist  corner  of  the  Miiin  Compound  Area. 

•  Investigiite  the  seasonal  viuiation  in  wiiter  quality  in  the  B 
iiquifer. 

•  Investigate  the  extent  ol  contamination  in  the  C.  D,  imd  E 
iiquilers. 
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1.3.2 


Feasibility  Study  Objectives 


The  objectives  of  the  Feasibility  Study  portion  of  this  RI/FS  report  are  as 
follows; 


•  Identify  and  describe  potential  remedial  action  alternatives 
that  could  be  used  to  clean  up  the  contamination. 

•  Evaluate  and  compare  the  different  remedial  action  alterna¬ 
tives  so  that  decisionmakers  can  see  the  benefits  and  short¬ 
comings  of  each  alternative. 

•  Identify  emerging  innovative  remediation  techniques  that  are 
not  ready  for  implementation  today,  but  could  be  ready  for 
application  of  the  Davis  Site  in  the  near  future. 

These  objectives  are  designed  to  support  the  decisionmakers  in  develop¬ 
ing  the  remedial  action  plan  (RAP)  for  the  Davis  Site. 


1.4  Contaminants  of  Concern 

Table  1-1  summarizes  the  contaminants  of  concern  for  the  £>avis  site. 

This  list  was  developed  based  on  risk  assessment  analysis,  as  summarized 
in  the  risk  assessment  report  for  the  site  (CH2M  HELL,  1993a).  As 
shown  in  the  table,  the  COCs  are  subdivided  based  on  whether  they  are  a 
problem  in  the  vadose  zone,  a  problem  in  the  groundwater,  or  a  problem 
in  both.  The  following  criteria  were  used  to  develop  the  COCs  list: 

1.  A  contaminant  was  considered  a  COC  if  it  contributed  to  1  percent 
or  more  of  the  total  site  risk  according  to  the  risk  assessment 
evaluation. 

2.  Contaminants  in  the  groundwater  were  considered  COCs  if  their 
concentrations  exceeded  drinking  water  standards. 

3.  Contaminants  in  the  vadose  zone  were  considered  COCs  if  they 
had  the  potential  to  contaminate  groundwater  in  the  future  via 
downward  migration. 

Some  of  the  COCs  listed  in  Table  1-1  are  probably  not  derived  firom 
Davis  Site  operations  and  their  discharge.  For  example,  ethylene 
dibromide  (EDB)  is  a  common  soil  fumigant  used  for  agricultural  pur¬ 
poses  and  is  likely  derived  from  agricultural  activity  near  the  site.  In 
addition,  the  trihalomethane  contaminants  (THMs)  are  probably  created 
after  the  water  from  the  production  well  is  subject  to  chlorination,  and  are 
not  frequently  detected  in  situ  in  the  groundwater.  However,  all  identi¬ 
fied  contaminants  of  concern  are  listed  here  because  they  all  have  the 
potential  to  impact  human  health.  A  subset  of  COCs  was  generated  for 
the  vadose  zone  and  groundwater.  This  subset,  the  SCOCs,  is  evaluated 
in  Chapter  4,  Nature  and  Extent  of  Contamination. 
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Table  M 

('ontaminants  of  ('oncern 


('ompound 

i  .1  -iJu-hl'T-'erhanc 
i .  i  -btchioriicihcnc 


1 .4-l)ichk»robcn2ene 

2-methylnaphihalenc 

Acetone 

Benzene 

Bis(  2*ethylhexyl  iphihalate 

B  romod  tchi  oromethane 

Bromofnrm 

ButylbenzylphthaUte 

C'hlurodihmmomeihane 

(‘hloroform 

CIS- 1 .2-'iichloracihcnc 
[>i-n-hutylphthala(e 

Ihhenzofuran 

Ethylbenzene 

Ethylene  dibromide  (EDBi 

Poorene 

m-  and  p-xylenes 

Methyl  isobutyl  kcume 


('nnlaminant 

of  ('oncern  Contaminant 
in  V  adose  of  ('oncern  in 


(■roundwater 


Excels  «)nni(ing  waie/  sljmJjrils  m  k.’r"Undw  jicr 


Excee«is  drinking  '^aicr  sumlanli  in  gr  ^ujiilvcaicr 


('.minhutes  greater  than  1  percent  't  total  site  nsk. 


Selected  in  site  pr‘><lULiMn  well  jhove  dnniLiiig  \^.i:er 
standards. 


Detected  in  sue  production  *ell  above  dnnkmg  water 
standards. 


Possible  constituent  of  diesel-rangc  petroleum 
hydrocarbons  in  soil.  It  has  the  potential  to  migrate  t.' 
groundwater. 


Detected  in  site  prckiuctnin  well  atvive  *lnnking  water 
standards. 


Exceeds  dnnking  water  siandanis  in  groundwater 
Possible  consiituem  of  diesel- range  peircieum 
hydr<*carbons  m  s<mI. 


Source  urtknown  Typical  laboratory  contaminant.  If  '.t 
exists.  H  has  the  potential  to  migrate  to  groundwater 


Exceeds  dnnkmg  water  standards  in  sue  production  well. 
Not  typically  detected  in  momtonng  wells. 


Exceeds  dnnkmg  water  standards  in  site  production  well 
Not  typically  detected  in  moniionng  wells 


Source  unknown.  Typical  laboratory  contaminant.  If  it 
exists.  It  has  the  potential  to  migrate  to  groumlwater 


Exceeds  dnnkmg  water  siandards  in  sue  pn>ducii<in  well 
Not  typically  detected  m  moniionng  wells. 


Exceeds  dnnkmg  water  standards  in  sue  production  well 
Not  typically  detected  in  moniionng  wells. 


Exceeds  dnnkmg  water  siandanis  m  groundwater. 


Source  unknown.  Typical  laboraiory  coniammani.  If  u 
exists,  u  has  the  poiennal  to  migrate  to  groundwater 


Possible  constituent  of  diescl-rangc  petroleum 
hydrocarbons  m  soil  It  has  the  potcnnal  to  migrate  to 
groundwater. 


possible  constituent  of  diesel-range  petroleum  hydro¬ 
carbons  in  soil.  It  ha.s  the  potential  to  migrate  to 
groundwater 


Detected  m  site  proiluciion  well  above  dnnking  water 
standards.  Occurrence  likely  to  be  associated  with 
agncultural  pesticide  use  and  not  related  in  sue  activities 


Possible  constituent  of  diesci-rangc  petroleum 
hydrocarbons  in  soil.  It  has  the  potential  to  migrate  n- 
groundwater 


Possible  constituent  of  diesel-range  petroleum 
hydrocarbons  in  soil  It  nas  the  p«iiential  to  migrate  t-. 
groundwater. 


Detectcil  in  site  pro«luciion  well  jN'vc  dnnking  water 
standards. 
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Table  M 

Contaminants  of  ('oncern 


('ompound 

(onlaminant 

of  Concern 

in  Vadose 

Zone 

C  ontain  inant 

of  ('oncern  in 

(jroundwater 

Comments 

Methyl  ethyl  ketune 

X 

l)etectcd  in  site  pfu*luciinn  well  aN.’ve  dnnkin^  water 
standards. 

Naphthalene 

X 

Poss  •r'ie  constituer*  of  .licsel-range  petroleum  hydro¬ 
carbons  in  soil.  It  has  the  poienuai  («'  migrate  to 
groundwater. 

''•xylene 

X 

X 

r” 

Pos-Sible  constituent  of  dicsel-rancc  petroleum 
hydrcxrarbons  in  soil.  It  has  poicniiai  to  migrate  ti* 
groundwater 

Petroleum  hydrocarbons 

X 

X 

Possible  consnrueni  of  diescl-range  petroleum 
hydrocarbons  in  soil.  Petroleum  hydrocarbon  iietected  in 
groundwater  above  drinking  water  standards  ear 
underground  storage  tank  site. 

Phenanihrenc 

X 

Possible  constituent  of  diescl-range  petroleum 
hydrocarbons  in  soil.  It  ‘'is  the  potential  to  migrate  to 
groundwater. 

Pyrene 

X 

Possible  constituent  i)f  dicsel-range  petroleum 
hydrocarbons  in  soil.  It  has  the  potential  ti’  migrate  to 
groundwater. 

Tetrachlorocihcnc  (PCE) 

X 

X 

Exceeds  dnnking  water  standards  m  groundwater 
C'ontamuunt  in  soil  is  a  potential  source  for  conunuing 
contan.mani  release  to  groundwater. 

Toluene 

X 

X 

Possible  constituent  of  dicsel-range  petroleum 
hydrocarbons  in  soil.  It  has  the  potential  to  migrate  to 
groundwater. 

trans-  i  .2-clichlofocihene 

X 

Exceeds  dnnktng  water  standards  in  groundwater 

Tnchlorocthene  fTCEi 

X 

X 

Exceeds  dnnking  water  standards  m  groundwater 

Tnchlorofluoromcihane 

X 

Detected  ui  site  production  well  above  dnnking  watc’ 
standards. 

Vinyl  chlonde 

X 

X 

Exceeds  dnnking  water  standards  in  groundwater 
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Chapter  2  Field  Investigation  Activities 


This  chapter  inJudes  a  summar\’  of  all  remedial  investigation  activities 
perlomted  at  the  Davis  Site  since  1985.  This  information  will  be  pre¬ 
sented  in  the  following  four  forms  and  will  be  divided  into  the  three 
media  analyzed  (soil,  groundwater,  and  soil  gas): 

•  The  chapter  will  begin  with  a  brief  written  description  of  the 
field  activities. 

•  .4  map  of  the  Davis  Site  will  be  used  as  a  ba.se  for  over'ays 
showing  Siunpling  or  other  field  activity  locations,  in  terms 
of  media. 

•  A  How  chart  will  present  field  activities  in  chronological 
order,  in  terms  of  media. 

•  \  table  will  he  used  to  present  the  sampling  activities  in 
chroiu'logical  order  in  terms  of  the  three  media 


Summary  of  Previous  Field 
Investigations 


Ten  borings  drilled  by  J  H.  Kleinfelder  &  Associates  in  1985  identified 
soil  contamination  in  the  vicinity  of  three  underground  diesel  fuel  tanks. 

I  he  tanks  were  exposed,  and  damage  to  at  least  one  tank  and  assticiated 
piping  was  evident.  The  tanks  were  then  drained  and  covered  with  clean 
fill  dirt  luid  were  removed  in  19X8. 

In  19X7,  ;ui  investigation  performed  by  International  Technology 
Corjioraiion  (ITC)  confirmed  the  presence  of  hydrocarbon  contamination 
in  the  vicinity  of  the  storage  tanks  to  a  depth  of  55  feet  below  ground 
surface  (hgs)  and  determined  that  the  groundwater  benctath  the  site  h:id 
heen  contiuninated  with  volatile  organic  compounds  (VOCs)  (Radian 
f'oqioi  ;tion.  1990).  This  investigation  included  seven  additional  soil 
borings  and  installation  of  eight  groundwater  monitoring  wells. 

In  subsequent  investigations  by  ITC,  trichloroethene  (TCEi  and  tetrachlor- 
oethene  iK'F.)  were  found  in  vapors  collected  from  soil  vapor  surveys  to 
depths  of  It)  feet  and  in  groundwater  .is  deep  as  225  feet  bgs.  These 
investigations  included  19  Cone  Penetrometer  Test  (CPT)  soundings. 

I I  soil  borings.  Hydropunch  siunpling  at  CPT  libations,  installation  of 
V  additional  im  iiitoring  wells,  and  a  soil  gas  survey. 


Summary  of  Previous  Investigations 

99  Soil  Gas  Points 

9  CPT  Soundings 

30  Hydropunch  So  nr.es 

2H  Soil  Borings 

29  Groundwater  Wells 

1 1  Tank  Pull  Samples 


» 


2.2  Summary  of  Current  Field 
Investigations 


CH2M  HILL  has  conducted  field  investigation  activities  since  June  1992. 
A  deuiiled  summary  of  field  activities  is  included  in  Appendix  D, 
Summitry  of  Field  Activity.  Field  activities  include  the  following; 

•  Dry  or  partially  submerged  groundwater  monitoring  wells, 
MW-1,  MW-3,  MW-S.  and  MW-7.  were  sampled  for  soil 
gas  in  August  1992. 

•  Aquifer  testing  was  conducted  on  Monitoring  Wells 
MWC-3,  MWC-12,  and  MWC-14  in  Augu.st  1992.  During 
Jiinuary  1993,  additional  aquifer  tests  were  performed  on 
Monitoring  Wells  MWD-12  and  MW-3. 

•  A  total  of  7 1  shallow  soil  gas  siunples  were  collected  in 
September  and  October  1992  from  depths  ranging  from  5  to 
20  feet  bgs  to  assist  in  the  location  of  soil  vapor  monitoring 
wells  (SVMWs).  Details  are  provided  in  Appendix  A,  Soil 
Gas  Investigation. 

•  Ex  situ  soil  piles  were  sampled  for  petroleum  hydrocarbons 
in  November  1992. 


Six  CPT  soundings  (CPT-18,  CPT-18A,  CPT-20.  CPT-21. 
CPT-22,  and  CPT-23)  were  performed  in  November  1992  to 
investigate  site  stratigraphy. 

Five  SVMWs  (CH-1  through  CH-5)  and  adjacent  piezo¬ 
meters  (P-IS  and  P-ID,  P-2M.  P-3S  and  P-3D.  P-4S  and 
P-4D,  P-5S  and  P-5D)  were  installed  in  November  1992  to 
investigate  the  vadose  zone  chemical  and  hydrogeologic 
properties.  Selected  soil  samples  were  submitted  for 
iuialytical  and  physical  testing. 

SVMWs  and  adjacent  shallow  piezometers  were  sampled  for 
VeXTs,  and  air  permeability  tests  were  performed  in 
December  1992  to  provide  estimates  of  hydraulic  conduc¬ 
tivity  in  the  vadose  zone.  Details  are  provided  in 
Appendix  A  and  in  Appendix  B,  Air  Permeability  Te.sting. 

Four  groundwater  extraction  wells  (EW-IB.  EW-IC, 

EW-2C,  and  EW-3C)  were  insudled  in  April  and  May  1993 
to  capture  contaminated  groundwater  from  the  B  and  C 
aquifers. 

Seven  new  groundwater  monitoring  wells  (MW-19, 

MWC-2().  MWD-2(),  MWD-21,  MWE-2L  MWD-22.  and 
MWE-22)  and  two  groundwater  piezometers  (PC-21  and 
PC-22)  were  instrdled  in  May  and  June  1993  to  aid  in  esti¬ 
mating  the  nature  and  extent  trf  groundwater  contamination. 

Short  duration  pump  tests  were  performed  during  well  devel¬ 
opment  to  estimate  ,'iquifer  properties  of  the  new  extraction 
wells  and  monitoring  wells. 


Summary  of  Current  Investigations 

71 

Soil  Gas  Points 

8 

CPT  Soundings 

5 

SVMWs 

12 

Piezometers 
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Groundwater  Monitoring 
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» 


|(K||27IK.  RI)I)  (l)avis  RI/IS) 


2-2 


•  Two  CPT  soundings  (CPT-24  ;ind  CPT-25)  were  advjinced 
in  April  1993.  ;uid  a  test  hole  (TH-1)  w;is  drilled  in  May 
1993  to  provide  guidiince  tor  locating  a  proposed  injection 
well.  The  test  hole  w;ls  core  stunpled.  logged  (geologically 
and  geophysictilly).  and  tremied  with  grout  in  June  1993. 

•  Groundwater  levels  were  measured  biweekly  during  1992 
and  monthly  during  1993. 

•  Groundwater  levels  were  collected  on  ;in  hourly  basis  from 
Well  Cluster  MWl  from  July  1992  to  July  1993. 

Table  2-1  provides  a  summary  of  the  three  media  sampled  during  reme- 
diiil  investigations  (soil,  groundwater,  and  soil  gtts).  Within  each  media 
the  activities  ttfe  listed  in  chronologictd  order. 

Table  2-2  contains  well  construction  data  for  the  SVMWs  and  piezo¬ 
meters  and  groundwater  monitoring  wells  at  the  Davis  Site. 

Figure  2-1  is  a  detailed  chronology  of  field  investigation  activities  con¬ 
ducted  at  the  Davis  Site  since  198.''.  The  activities  are  divided  into  three 
portions:  soil,  groundwater,  and  soil  gtis.  Also  provided  is  the  name  of 
the  contractor  performing  the  field  activity. 

Figures  2-2  and  2-3  are  base  maps  for  Overlay  Figures  2-2a  through  2-2d. 
;md  2-3a  The  overlays  include  sampling  locations  or  other  field  activity 
shown  in  Figure  2-1.  Because  there  is  a  high  degree  of  overlap  in  sam- 
•  pling  ItKations.  these  overlays  were  developed  so  that  sampling  locations 
can  be  viewed  in  various  combinations.  Each  overlay  has  a  set  of  match 
points  tdong  the  southern  edge  of  the  site.  These  match  points  should 
overlap  when  using  the  overlays  (removing  the  overlays  and  base  map 
from  the  binder  may  simplify  their  u.se).  Sampling  locations  for  the 
activities  summarized  in  Figure  2-1  are  included  in  these  overlays  and  are 
organized  as  follows; 

•  Figures  2-2a  and  2-2b  include  locations  related  to  soil 
sampling  activities. 

•  Figures  2-2c  and  2-2d  include  locations  related  to  ground- 
water  sampling  activities. 

•  Figures  2-3a  includes  locations  related  to  soil  gas  .sampling 
activities.  (ITC's  1989  shallow  soil  gas  sampling  locations 
are  shown  on  the  basemap.  Figure  2-3.) 

Other  field  investigation  activities  currently  being  conducted  at  the  Davis 
Site  are  being  performed  by  Radian  Corporation  and  Engineering-Science 
Inc.  Radian  is  responsible  for  quarterly  groundwater  sampling  from  the 
monitoring  wells  onsite.  This  sampling  has  been  performed  on  a 
quarterly  basis  since  July  1992.  Historical  groundwater  quality  data  are 
contained  in  Appendix  U.  Historical  Contaminant  Data.  Engineering- 
Science.  Inc.  is  performing  a  treatability  .study  u.sing  in  .situ  bioventing  to 
remediate  hydrocarbon  contamination. 


|(K)I27IJ6.RDD  (Davis  RI/F.S) 


2-3 


of  Field  InvestiKation  Activities 


2 


(i^sers'^'^mNlavinain\TAB2-  I.XLS 


2-5 


.s 


^  9 


H  c« 


S  S 
a 

H  § 

asi 


|1 

I- 

<  Qm 


a 

I 

iS  II 


.4 

£ 

S 

(N 

u  ^ 

s  j 


r^  00 

o  S  5  —  <N 

—  —  -*  o  p 

o  2  o 

fS  O  <N  ^  O' 

00  r^  —  — 


i 

-) 

i  i 

S  "S 

U  Qg 


S 

2  m 

^  s 

W 


I 


s  ^ 

00  M 

?  p 

VI  H 


I 


B 

o 

I  a 

^  u 
f  o 

3  ^ 

M  M 

iB 

II 

^  2 

Vi  1- 


U 

O 

“o  S 

U 

>  < 
^  £ 

o  ?i 

P  Q 


a  o 


£  d 


t 


2-6 


» 


L 


STX  I  Z0Vl\“'™“»Pi'*"»\*fN“*«K  O 


users  lia  etnr  Ja\maiii  I  AHJ-Z  Xl  S 


Tuble  2-2 

Well  CuRstructiun  Data 


2-8 


ciiii  JiiMiuiii  I  \H2-2  \I  S 


Bering? 


B-Series  Soil  Borings 

Kleinfelder  (10>85) 


BB-Series  Soil  Borings 

ITC  (8/87-9/87) 


I  First  Round  CRT  Soundings 

:  ITC  (5/89) 


Second  Round 

ITC 


Stratigraphic  Soil  Borings 

ITC  (4/89) 


SBB  Soil  B 

ITC  (12/ 


Groundwater 
Wells  and 
Pie/ometers 


Tank  Pull  Grab  Samples 

McClellan  (5/88) 


Soil 

Sampled  from 
Well 
Installation 


Soil  Samples  from  MW- 
Monitoring  Wells 

ITC  (9/87-10/87) 


Sampling 

Foi|r)wing 

Well 

!r^sla'.^al^on 


Hvdr'/pni'K.ti 


MW-  Series  Wells 

ITC  (10  87) 


First  Phase  Hydropunch 

ITC  (5  89) 


Second  Phase  H 

ITC  -1 


Sampling  A  A  A  A 


SfMlI'SW 


First  Round  Soil  Gas 
Sampling 

ITC  (4.89) 


SVMWS 


First  Round  CPT  Soundings 

ITC  (5  89) 


Second  Round  CPT  Soundings 

irc  (1  90) 


stratigraphic  Soil  Borings 

ITC  (4  89) 


SBB  Soil  Borings 

ITC  112.89) 


Grab  Samples 

ellan  (5  88) 


Cluster  Wells 

ITC  (5  90  1  91) 


First  Phase  Hydropunch 

ITC  (5  89; 


Second  Phase  Hydropunch 

IK;  n  90i 


AAA 


Monitoring  Well  Sampling 


First  Round  Soil  Gas 
Sampling 

ITC  (4.89) 


A  A 


CPT  Soundings 
through  CPT 

CH2M  HILL  (11 

r-C-- 

I  CPT 


I 


Soil  Pile  Grab  Sa 

CH2M  HILL  (11 


Soil  Samples  from 

CH2M  HILL  (11 


Quatlefly' Sampling  A  A  ^ 


Second  Round  Soil  Gai 
Sampling 

CH2M  HILL  (9  92) 


Monitoring  Well  &  Piej 
Sampling 

CH2M  HILL  (12'9 


SVMW  Samplin 

CH2MHIL1.  (12  c 


FIGURE  2-1 
CHRONOLOGY 


I  'AVI'.'  r,L  ri(<AL  'lOMMI 
M'  C.l  fi  LAN  AiH  L  QI*  " 

vr  ,1  ri  ;  ('ll  ir\i  T  v  , .  Ai  'F' 


CPT  Soundings  CPT-18 
through  CPT-23 

CH2M  HILL  (11/92) 


CPT  Soundings  CPT-24  and 
CPT-25 

CH2M  HILL  (4/93) 


T 


Test  Hole  for  Reinjection 
Well 

CH2M  HILL  (6/93) 

.  . /■ 


Soil  Pile  Grab  Samples 

CH2M  HILL  (11-'92) 


I  Soil  Samples  from  SVMWs 

I  CH2M  HILL  (11/92) 


Soil  Samples  from  Extraction 
Well  EW-1C 

CH2M  HILL  (5'93) 

1 


Extraction  Wells  &  Monitoring! 

Wells  ! 

CH2M  HILL  (4.93-5/93)  j 


I  Hydropunch  HP-2 

j  CH2M  HILL  (6/93) 


A 


Quarterty' Sampling  A  A  A 


Second  Round  Soil  Gas 
Sampling 

GH2M  HILL  (9/92) 

^  "'I 


Monitoring  Well  &  Piezometer 
Sampling 

CH2M  HILL  (12/92) 


SVMW  Sampling  j  ;■ 

CH2MHILL  (12/92)  "-V  ■. 


1992  1993  1994 


FIGURE  2-1 

CHRONOLOGY  OF  FIELD  ACTIVITIES 

DAVIS  OlOUAL  COMMUNICATIONS  SHF 
MCCLELLAN  AIM  FOMCF  BASF 
YOlO  COUNTY  CAtIFOMNIA 


CtQHHilL 


\ 

0*6 


Cm  ^ 

38620 


S8B2^ 


CW-4 


SiH 

86  ' 


S86-23 
'  SB624 

THP  ? 


S'. 
6  * 


LEGEND 


SOIL  BORINGS 

B-Ilhfoogh  B-iO(KI«n««ld*r.  1985)  ^ 

BB-II  *»rou^  B-17  (ITC,  Augu»t  Ihrou^  S«pt*mb*r  1985) 

888-18  tirou^SBB-24(lTC,D«*mb*r  1990) 

TWO- 1  «iroogh  THO-4  (ITC.  Nov«nt)«r  1 990,  Geophysical  L^ 
THD-11  lh«ooi^  THD-14  (ITC,  Novambar  1990.  Geophysical  Logs) 

SOIL  VAPOR  MONITORING  WELL  SAMPLED  FOR  SOIL 
CM  1  mroo^  CH-5  (CH2M  HILL,  November  1992) 


HGURE2-2a 

SOIL  SAMPLING  LOCATIONS 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY  CALIFORNIA 


NOTE  Locapons  based  on  IRPIMS  data 


N 


NSP<«A 


ZH$P.U 

NSP-a 


NSP'J 


CPT^ 


PCPI  15 


\ 


f-pj  2 


orpT.; 


y  pr^i\y 
CPT^* 


t«l-lC 


t**  ■  ESP^ 

,  V  ««'- 

eSK  - 

ERP-f 

E»P-'  -  ' 

EPP  3 


:P^  i; 


pcp:- 


LEQEND 

GONE  PENTmOMETER  aOUNOtNQS 
CPT-1  tWQUi^  CPT-4  <rTC.  Mi|r  19M) 

PCPT-1  tmw^  PCPT-6  (TTC.  Ua/  19W) 

PCPT-6  tirou^  PCPT>7  (ITC,  January  1980) 

PCPT-10  tifough  PCFT-17  (TTC.  Januaiy  1090) 

CPT<9  nrC  JMM>y  199tt 

CPT-19.  CPT-19a.  CPT-aO  9nou^  CPT-aS  (CH3M  HIO. 
Meuawdar  199S) 

*w  QnOUNCmATERMO»irrORmQWEa8AMPLEO  FOR  SOIL 
MW-I  OwouiA  MW<«  (ITC.  AuOMt  1997) 

EW>1C  (»«M  HILU  May  IM) 

EX  WTUtOU.  RILES 

E8P-1  taou^  E8P-9;  N8P>1A.  -IB;  N8R-2A.  -28;  N8P4 
(CHSMHILL  Novambar  1982) 


NOTE: 


onIRPBISi 


\ 


•CPT.4 


."P'-H* 


•  i 


FIGURE  2-2b 

CONE  PENETROMETER  SOUNDINGS 
AND  GROUNDWATER  WELLS 
SAMPLED  FOR  SOIL 

DAVS  OLOSAL  COMMUNICATKMS  SITE 
MCCLELLAN  AIR  FORCE  BASE 
YOLO  COUNTY.  CAUFOfl*f 


aDoi>«a.a* 


L 


s. 


£v».ir 


MWO-13 


UV«L>-< 


LEQENO 


OnOiVOWATER  MONrrCMNQ  WEU 
»«W-1  threugh  (TTC.  ^^iguM  1907) 

ChiMH  WMk  MWB-1.  -4,  .11.  -13,  -14:  MWC-1,  -3.  -4.  -12.  -13  -m- 
MMV1.  *2,  .3.  .4.  *10. -11.  >12. -13. -14;  MWE.3 
(TTC,  Onotar  ttwtMJOh  Janutry  1991) 

ftvo>nmn  PC.21. 

RC-a  (CH2M  HILL,  April  ffwough  June  1993) 

EXTRACTION  WEU 

EW-1B,  EW-IC,  EW-2C,  EW-3C  (CH2M  HILL,  April  tvouph  May  1993) 


RGURE  2-2c 
GROUNDWATER 
SAMPUNG  LOCATIONS 

DAVIS  QLOBAL  COMMUNICATIONS  SITE 
^LELLAN  Am  l=ORCE  BASE 
YOLO  COUNTY.  CAUFORMA 


aooiiit>i 


UEQENO 


CONE  PENTTROMETER  SOUNOIMOS 

CPT4,  PCPT-2  tmu^  PCPr<6  (TTC,  May  t9S0) 
PCPT-IO,  PCPT-12  tMOUBfi  PCPT-17  (ITC.  JvMiwy  1990) 

HYDROPUNCH 

HP-2  (CH2M  HIU,  >^i9  1999) 


nCURE  2-2d 

HYDROPUNCH  LOCATIONS 

DAVIS  QLOeAL  COMMUNICATIONS  SITE 
MoCLELLAN  AIR  FORCE  BASE 
YOtO  COUNTY.  CAUFORNU 


TE;  Hydraptmoh  MmplM  Mwa  Man  al  tM  Mundng  loealnnt 


nooifiaja 


SJ  zl  aj 


aMC-63  aMC-62 

^A.  A. 

aMC64^'^MC-61 

^A.  ^  A.  „ 


^E- 

aMC-60 

.  'A..  A  '^C-56 


aMC-46 


aMC-47 

^A. 


^MC-4^  MC-^  MC-^  MC-48 


■  14;  “ifi  “A-  “A.  “A. 

_A.AWC-59  . 

^MC-6^MC-5aA*^‘JkMC-9AMC-2gkMC-2§lMC-43 

A.  H  £-  £.  iiJQ  iZ  ^ 


*MC-66aMC-64  MC-ip*  aMC-?7»MC-30aMC-44 


aMC-65^^'^MC-1  U  MC-2^m'C-31 

^A.  ^A.^  “A1\ 


aMC-57 

A- 


B-7 


TO 


. .  BB-1X. 


4712 


\ 


MC-6  ^MC-26^MC-3^MC-50 


MC-S 


»A  iMC-13AMC-24*MC-33  \  '■ 

A.^  ^A.  ^49  ^2A 


SCALE  (Approximate) 


4708 


IB8-14  ' 


•BB-16 


4710  ^  ^-14aMC-23aMC-34aMC>5\ 

I  ^a.  ^A.  ^  ^A.  \\ 

. ‘  :  .  • 

MC-l^MC-2^MC-35 

'  H  A. 

BB-12  if 

^C-3^1^MC-21^MC-36aMQ-52 

“A-TiL  ^A.  ^A. 


100  FEET 


\ 

■'Wb^ 


C-2a  J^-’7aMC-20aMC-37 

h.^  ^A.  A.  A. 

aMC-1  |MC-ia  MC-19*M038 

^A.  AAu  ^A.  An 


/ 


•r 


/  / 


LEGEND 

MC-49A 


9 

A 

r7^ 


SAMPLE  LOCATION  AND  NUMBERS 

READING  FROM  GO  IN  ppb 

NOT  DETECTED 

PRESENT.  NOT  QUAUFIED 

NOT  ANALYZED  (TIP  READING  <0.5  ppm) 

TRICHLOROETHYLENE  PLUME  (Ccompound  present) 

BORING  LOCATION  AND  NUMBER  (Kleinfeider.  1985) 

BORING  LOCATION  AND  NUMBER  (ITC,  1987) 

MONITORING  WELL  LOCATION  AND  NUMBER  (ITC.  1987) 

WATER  SUPPLY  WELL 

BACKRLLAREA 


NOTE;  Adapted  from  Rgure  2-2  (ITC.  April  1992) 


FIGURE  2-3 

BASE  MAP  FOR  SOIL  GAS 
SAMPLING  LOCATIONS 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY.  CALIFORNIA 

- CHMHIIL - 


Chapter  3  Hydrogeologic  Conditions 


In  order  to  develop  an  understanding  of  the  hydrogeology  at  the  Davis 
Site  and  build  hypotheses  for  contaminant  transport  and  potential  site 
remedial  actions,  the  data  generated  from  the  remedial  investigation  (Rl) 
;ue  interpreted  in  this  chapter. 

3.1  Regional  Hydrogeology 

The  regional  hydrogeology  helps  explain  the  interaction  between  site  con¬ 
ditions  (e.g.,  water  levels)  and  regional  influences.  Results  of  the  Rl 
show  that  irrigation  withdrawals  from  the  regional  aquifer  system  greatly 
effect  groundwater  flow  beneath  the  Davis  Site.  A  good  understanding  of 
the  interaction  between  the  regional  and  local  hydrogeologic  systems  is 
criticid  in  evaluating  site  risk,  contaminant  transport  and  potential 
corrective  actions. 

3.1.1  Geology 

The  freshwater-bearing  sediments  in  the  vicinity  of  the  Davis  Site  consist 
of  three  geologic  units  listed  from  ground  surface  to  increasing  depth  and 
age-the  younger  alluvium,  the  older  alluvium,  and  the  Tehama  Formation 
(USGS.  1960).  The  younger  alluvium  is  up  to  40  feet  thick  consisting 
primtu’ily  of  fine-gniined  flood  plain  or  overbank  deposits  mixed  with 
lesser  amounts  of  stindy  stream  channel  deposits.  The  older  alluvium  is 
60  to  1.10  feet  thick  :ind  consists  of  stream  deposits  of  silt,  silty  clay, 
gravel,  and  sand  deposited  by  Putah  Creek.  Fine-grained  deposits  pre¬ 
dominate.  Gravel  and  .sand  deposits  comprise  about  one-fourth  the  thick¬ 
ness  and  occur  as  discontinuous  lenses  rather  thtm  continuous  sheets.  The 
Tehama  Fonnation  occurs  below  about  160  feet  and  is  over  2,000  feet 
thick.  It  consists  of  silt,  clay,  and  silty  fine  sand  enclosing  lenses  of  sand 
and  gravel  and  silt  ;md  gravel.  The  geologic  contact  with  the  older  allu¬ 
vium  is  pixtrly  defined,  difficult  to  determine  in  borings,  and  may  be 
gradational. 

3.1.2  (iroundwater  Levels  and  Flttw  Directions 

Regional  and  local  veitical  and  horizontal  groundwater  gradients  are 
influenced  by  agricultural  pumping  during  the  growing  season  from  April 
to  October.  Groundwater  levels  typically  fluctuate  30  feet  or  more  per 
year,  ;md  there  ttre  strong  downward  gradients  during  the  growing  season 
caused  by  pumping  agricultural  wells  in  the  vicinity  of  the  site,  which  are 
typicidly  2(M)  to  KH)  feet  deep.  Most  agricultural  wells  are  screened  from 
I'io  feet  within  the  D  ;uid  lower  aquifers.  Winter  groundwater  levels 
approach  mean  sea  level  (msl)  while  summer  levels  drop  to  lower  than 
40  feet  msl.  During  recharge  in  the  winter,  gradients  are  .slightly 
upward.  Prior  to  agricultural  development,  groundwater  flowed  eastward 
from  the  Coast  Range  toward  the  discharge  point  at  the  Sacramento  River 
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ejist  of  the  site.  A  groundwater  pumping  depression  has  existed  for  over 
60  years  near  Dixon,  California,  southwest  of  the  site,  which  causes 
regional  gradients  in  the  vicinity  of  the  site  to  be  primiuily  toward  the 
south-southwest  rather  than  east  (see  Figure  3-1). 


3.2  Site  Hydrogeology 

Lithologic  data  from  past  investigations  have  been  reviewed  and 
incorporated  into  current  lithologic  data  to  develop  hypotheses  on  the 
subsurface  conditions  beneath  the  Davis  Site.  Uncertainties  remain 
regarding  the  extent  of  aquifers  and  their  associated  hydraulic  properties. 
The  effects  of  these  uncertainties  on  site  remedial  actions  are  discussed  in 
more  detail  in  Chapter  6. 

3.2.1  Stratigraphy 
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A-B  Aquitard 
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B  Aquifer 

CZone 

B-C  Aquitard 

C  Aquifer 

DZone 

D-C  Aquitard 

D  Aquifer 

EZone 

D-E  Aquitard 

E  Aquifer 

The  stratigraphy  underlying  the  site  has  been  divided  into  five  zones-A,  Aquifer/aquitard  boundaries  are  not 

B,  C,  D,  and  E.  These  zones  are  made  up  of  coarse-grained  and  fine-  clearly  defined  because  of 

grained  materials.  For  convenience  in  discussion,  the  terms  "B,”  "C,”  stratigraphic  discontinuities  across 

"D,"  and  "E"  aquifer  have  been  retained  and  apply  to  the  permeable  units  the  site. 

within  each  specific  zone.  The  five  zones  extend  to  a  depth  of 

approximately  245  feet  below  the  site.  While  the  depth  and  thickness  of 

all  zones  varies  within  the  area  of  contamination,  stratigraphic  borings 

indicate  that  generally  these  zones  exist  as  they  have  been  shown  in  the 

cross  sections  in  Chapter  4.  The  conceptual  cross  section  shown  in 

Figure  3-2  indicates  the  location  of  these  zones  beneath  the  site. 


The  zones  include  both  permeable  aquifer  materials  (sand  and  gravel)  and 
low  permeability  aquitard  materials  (silt  and  clay).  The  low  permeability 
zones,  which  generally  exist  across  the  site  between  aquifers,  are  termed 
aquitards  and  have  been  named  the  A-B,  B-C,  C-D,  and  D-E  aquitards. 
The  A  zone  (vadose  zone)  extends  from  ground  surface  to  65  feet  below 
ground  surface  (bgs)  and  contains  the  A-B  aquitard;  the  B  zone  extends 
from  65  to  95  feet  bgs  and  contains  the  B  aquifer;  the  C  zone  extends 
from  95  to  145  feet  bgs  and  contains  the  B-C  aquitard  and  the  C  aquifer; 
the  D  zone  extends  from  145  to  195  feet  bgs  and  contains  the  C-D 
aquitard  and  the  D  aquifer,  and  the  E  zone  extends  from  195  to  245  feet 
bgs  and  contains  the  D-E  aquitard  and  the  E  aquifer. 


A  conceptual  cross  section  is  shown  in  Figure  3-2.  The  horizontal  scale 
has  been  exaggerated  to  allow  subsurface  features  to  be  shown  more 
clearly. 


The  conceptual  cross  section  depicts  the  depositional  history  of  the  site 
and  how  this  may  lead  to  the  pattern  of  groundwater  contamination  found 
beneath  the  site.  Coarse-grained  deposits  within  150  feet  of  the  surface 
are  a  result  of  sandy  stream  channel  deposition  mixed  with  fine-grained 
ficxxl  plain  deposits.  The  stream  channel  deposits  are  more  uniform  and 
continuous  in  a  generally  north-south  direction  probably  the  result  of 
ancient  Putah  Creek  meandering.  Discontinuities  within  the  coarse- 
gniined  deposits  are  more  prevalent  in  the  e<LSt-west  direction  than  the 
north-south  direction  supporting  this  hypothesis. 
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RGURE  3-1 

REGIONAL  HYDROGEOLOGIC  SETTING 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 
MCCLELLAN  AIR  FORCE  BASE 
YOLO  COUNTY.  CALIFORNIA 
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D  and  E  zone  coarse-grained  deposits  are  more  continuous  beneath  the 
site.  These  formations  are  more  transmissive  and  are  considered  regional 

aquifers  in  the  area.  • 

3.2.2  Vadose  or  A  Zone 

Clays  comprise  most  of  the  vadose  zone.  The  only  extensive  permeable 
deposit  is  a  sand  deposit  typically  10  feet  thick  found  between  20  and  40 

feet  bgs.  It  is  a  fining  upward  sequence  with  a  coarse  sand  at  the  bottom  • 

grading  upward  to  a  fine  sand  and  silty  sand  at  the  top.  This  deposit  is 
found  consistently  beneath  the  fenced  compound  and  east  of  the  fenced 
compound  area,  but  not  west  of  the  fenced  compound. 

The  thickness  of  the  vadose  or  unsaturated  zone  ranges  from  25  to  70 

feet  bgs  from  winter  to  summer  as  the  water  level  drops  because  of  • 

regional  agricultural  pumping.  Because  the  extent  of  the  vadose  zone  is 

changing  daily  because  of  water  level  fluctuations,  the  vadose  zone  within 

this  document  was  considered  to  extend  from  the  ground  surface  to 

40  feet  bgs.  In  a  typical  year,  this  zone  is  unsaturated  a  majority  of  the 

time.  The  zone  between  40  and  70  feet  bgs  is  considered  a  seasonal 

vadose  zone  because  it  is  unsaturated  less  than  half  the  year.  This  40-  to  • 

70-foot  zone  is  comprised  mainly  of  fine-grained  materials  of  relatively 

low  permeability  and  low  organic  carbon.  Contaminants  in  this  region 

are  mobilized  each  winter  as  water  levels  rise,  saturating  the  available 

pore  spaces  and  dissolving  residual  contaminants  sorbed  to  the  soil.  The 

dissolved  contaminants  may  then  flow  both  laterally  and  vertically  with 

the  groundwater.  The  predominantly  clay  soils  have  a  high  specific  9 

retention  of  water  whereby  most  of  the  moisture  in  the  pore  spaces  is 

retained  after  the  water  table  drops.  This  reduces  the  available  storage 

within  the  clays  and  allows  for  a  large  increase  in  water  levels  under 

relatively  small  amounts  of  recharge. 

3.2.3  B  Zone  • 

The  B  zone  extends  from  65  feet  bgs  to  approximately  95  feet  bgs.  In 
general,  permeable  deposits  are  thickest  in  the  area  of  EW-IB  with  about 
25  feet  of  well  sorted  gravel  and  sand  intermixed  with  silty  sand  in  this 
vicinity.  The  permeable  deposits  thin  and  pinch  out  within  100  feet  south 

and  west  of  EW-IB  and  within  200  to  300  feet  north  and  east  from  * 

EW-IB  (see  Figure  3-3  and  Chapter  4  cross  sections).  The  permeable 
materials  are  bounded  above  and  below  by  sandy  and  silty  clays. 

Discontinuous  lenses  of  permeable  material  are  interspersed  throughout 
the  subsurface  at  other  locations  away  from  the  fenced  compound  area 
(near  MWB-1,  MWB-11,  and  MWB-14)  but  little  to  no  contamination  has 

been  detected  at  these  locations.  * 

3.2.4  C  Zone 

In  past  investigations,  the  base  of  the  C  zone  has  been  defined  at  approx¬ 
imately  120  feet  bgs.  Additional  field  investigation  and  interpretation  has 
led  to  interpreting  the  base  of  the  C  zone  to  be  located  approximately  145 
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teet  bgs.  In  idl  likelihood,  the  base  of  the  B  /one  and  the  top  of  the  C 
/one  ;ire  one  depositionid  sequence.  Water  levels  in  the  two  /ones  are 
near  equ;d.  ;ind  horizontal  gradients  are  very  simihir. 

Extraction  Well  EW'-IC  ;ind  Monitoring  Well  MWD-2  rae  ti-.e  only  wells 
completed  in  the  C  /one  within  the  fenced  compound  area.  The  auase- 
gniined  materi;ds  within  the  C  /one  become  more  permeable  with  depth 
based  on  well  development  testing.  Most  of  the  permeable  units  within 
the  C  /one  above  1 15  feet  bgs  are  composed  of  silty  sand.  The  units 
below  120  feet  thicken  and  are  typically  composed  of  sand  and  gravel 
with  sand.  The  permeable  unit  between  approximately  120  feet  and  145 
feet  bgs  bounded  by  MWD-2  on  the  northeast  and  MWD-10  on  the 
southwest  appears  to  be  continuous  within  this  range.  This  zone  has  the 
potential  to  be  a  conduit  for  downward  contaminant  movement  beneath 
the  site  by  linking  the  C  and  D  zones  neia  Well  Cluster  MW3. 

3.2.5  D  Zone 

The  D  zone  extends  from  approximately  145  to  195  feet  bgs.  With  the 
exception  of  the  site  production  well,  there  are  no  wells  screened  within 
the  D  zone  in  the  fenced  compound  area.  Most  of  the  penneable  material 
is  composed  of  well-graded  gravel  and  gravel  and  sand  mixtures.  A  clay 
matrix  separates  the  permeable  units  within  this  zone.  The  zone  appears 
to  be  thickest  along  the  entrance  road  to  the  compound  at  depths  between 
approximately  145  to  175  feet.  Monitoring  Well  MWD-I3  appears  to  be 
screened  across  the  interface  of  the  D  and  E  zones.  MWD-13  water 
levels  have  been  lower  than  most  D  zone  wells  in  the  past.  Near  Well 
Cluster  MW3.  the  lower  C  zone  and  upper  D  zone  are  separated  by  less 
than  10  feet  of  silt  and  fine  sand.  This  area  has  the  potential  for  vertical 
movement  of  contamination  from  above. 

The  site  pnxluction  well  and  several  offsite  agricultural  production  wells 
are  screened  within  this  zone.  Therefore,  water  levels  fluctuate  rapidly  in 
response  to  onsite  tind  offsite  pumping.  No  evidence  of  this  zone  was 
found  during  drilling  ot  the  test  hole  approximately  2,600  feet  north  of 
EW-IB. 

3.2.6  E  Zone 

The  E  zone  extends  from  approximately  195  feet  to  245  feet  bgs  beneath 
the  site.  Currently,  only  three  wells  are  screened  within  this  zone: 
MWE-3.  MWE-21,  and  MWE-22.  Lean  and  fat  clays  separate  the  layers 
of  poorly  sorted  gravel  and  sand  within  this  zone.  The  penneable  unit 
appears  to  be  about  30  feet  thick  across  the  site.  This  zone  is  considered 
a  regional  aquifer,  and  most  offsite  wells  in  the  vicinity  of  the  site  are 
screened  across  this  zone. 

3.2.7  Hydraulic  Properties 

Aquifer  hydraulic  properties  have  been  estimated  ba.sed  on  aquifer  testing 
;md  testing  during  well  development  performed  at  the  site  (CH2M  HILL. 
1992:  CH2M  HILL  1993).  Transmissivities  generally  increase  with  depth 
at  the  site.  Because  of  the  heterogenous  nature  of  the  subsurface. 
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hydraulic  properties  vjuy  sicnificanUy  within  each  aquifer.  Table  .T1 
gives  a  range  of  hydraulic  properties  estimated  for  each  aquifer.  The.se 
estimates  will  be  updated  as  additiontil  data  ;ire  gathered  and  interpreted. 
Aquitard  hydraulic  properties  tu'e  more  difficult  to  predict  because  direct 
testing  on  the  materials  is  not  pertbnned.  Estimates  of  aquitard  vertical 
resistance  ;u'e  presented  in  Appendix  J.  Groundwater  Modeling.  The 
hydraulic  property  estimates  were  input  into  the  groundwater  modeling 
performed  for  ciipture  analysis  discu.ssed  in  Appendix  J. 


Tabl«  3-1 

Estimated  Hydraulic  Properties 

.Aquifer 

.storage 

('oefficient 

Hydraulic 

Conductivity 

tfl/dayl 

Transmi&sivity 

tfl^'day) 

B 

0.1  til  O.IKll 

'  lo  01 

HN)  to  l.(MM) 

C 

lx  in" 

2,s  to  200 

I.IXH)  to  LOfXl 

[) 

2  X  in'  |„  1  X  in' 

IIHI  1,1  IStl 

1.000  to  'i.tHtn 

E 

2  X  10'  to  1  X  10'' 

|(K) lo 

to 

^Estimated  ba.sed  on  D  aquifer  results. 

3.3  Groundwater  Levels  and  Flow 
Directions 

Groundwater  levels  and  flow  directions  vary  greatly  beneath  the  site.  A 
major  source  of  uncertainty  with  regard  to  groundwater  levels  and  flow 
directions  remain  in  the  D  and  E  aquifers.  Onsite  pumpin'’  of  the  site 
prtxluction  well  and  oF'-ite  pumping  from  agricultural  wells  are  opera¬ 
tions  that  influence  and  dictate  groundwater  levels  and  flow  directions 
beneath  the  site.  The  pumping  schedules  cause  uncertainty  in  ground- 
water  flow. 

Figures  3-4a.  -4b.  and  -4c  are  vector  diagrams  showing  the  direction  and 
magnitude  of  the  groundwater  gradients  in  the  B.  C,  and  D  zones  between 
July  1992  and  July  1993.  Because  of  the  effects  of  agricultural  pumping 
near  the  site,  groundwater  flow  directions  and  flow  rates  within  aquifers 
beneau  die  site  are  variable.  Groundwater  flows  to  the  south-southeast 
with  a  gradient  ol  approximately  0.005  ft/ft  in  the  B  and  C  zones  from 
May  to  November  in  response  to  the  regional  east'vard  gradient  and  the 
persistent  groundwater  pumping  depression  southwest  of  the  site  near  the 
City  of  Dixon.  Groundwater  flows  north-northwest  in  the  winter  in  the  B 
and  C  zones  with  a  gradient  of  approximately  0.0008.  The  D  zone 
gradient  is  nearly  flat  most  of  the  year.  On  March  31.  1993.  the  D  zone 
gradient  tended  slightly  to  the  .southwest.  On  May  25,  1993.  the  D  zon 
gradient  was  towards  the  east,  probably  in  respon.se  to  pumping  from 
three  agricultural  wells  located  one-quarter  to  one-half  mile  east  ol  the 
compound.  Later  in  the  summer  pumping  season  and  in  the  fall,  the 
gradient  was  too  shallow  to  confidently  measure.  Water  level  co  our 
maps  are  presented  in  Appendix  E.  Groundwater  Contour  Maps. 
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NOTE:  The  gradient  on  4/26/93  was  flat  and 
is  not  presented  in  the  figure. 
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FIGURE  3-4b 
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NOTE:  The  gradient  on  8/7/92,  1 1/25/92, 
and  ^22/93  was  flat  and  are  not 
presented  in  the  figure. 


FIGURE  3-4c 

D  AQUIFER  HORIZONTAL 
GRADIENTS  JULY  1992 
THROUGH  JULY  1993 


The  horizontal  gradients  measured  in  the  B,  C,  and  D  aquifers  between 
July  1992  and  July  1993  are  generally  consistent  with  those  measured 
during  1990  and  1991.  Groundwater  How  directions  within  each  aquifer 
varied  according  to  the  season.  During  1991,  groundwater  levels  within 
the  B  and  C  aquifers  were  nearly  the  same.  Groundwater  flowed  to  the 
west-southwest  during  the  winter  and  to  the  south  during  the  spring  and 
summer.  D  aquifer  groundwater  flowed  to  the  west  during  the  winter  and 
to  the  east-southeast  during  the  summer. 

Figure  3-5  shows  vertical  gradients  between  the  C  and  D  zones,  C  and  E 
zones,  and  D  and  E  zones  based  on  measurements  at  Well  Cluster  MW3 
south  of  the  compound.  Downward  gradients  exist  from  May  to  October 
because  of  agricultural  pumping  from  deep  zones.  Gradients  from  the  D 
to  E  zones  are  the  largest  at  0.22  ft/ft  downward  during  summertime 
pumping  conditions  because  the  E  zone  is  pumped  heavily  for  agriculture. 
These  downward  gradients  cause  flow  from  shallow  zones  to  deeper 
zones  at  the  site.  Slight  upward  gradients  exist  for  all  zones  from 
November  through  March  preventing  downward  contaminant  movement 

Vertical  gradients  for  other  well  clusters  at  the  site  were  calculated  for  the 
same  time  period  and  are  presented  in  Attachment  2  to  the  Response  to 
Comments  section  of  this  report  The  vertical  gradient  trends  are 
generally  consistent  across  the  site. 
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FIGURE  3-5 

VERTICAL  GRADIENTS  AT 
WELL  CLUSTER  MW3 


Groundwater  levels  were  recorded  hourly  at  Well  Cluster  MWl  with  a 
data  logger  from  July  1992  to  July  1993.  The  annual  fluctuation  in 
groundwater  levels  from  the  B,  C,  and  D  aquifer  zones  are  presented  in 
Figure  3-6.  The  upward  vertical  gradient  from  the  D  aquifer  to  the  B  and 
C  aquifers  is  shown  on  the  figure  and  occurred  from  mid-September  1992 
through  mid-April  1993.  Groundwater  levels  were  exceptionally  low  in 
the  summer  of  1992  because  of  a  7-year  drought  and  increased  ground- 
water  pumping  in  the  site  vicinity.  Levels  recovered  to  just  above  sea 
level  in  the  winter  because  precipitation  was  75  percent  above  average. 
MWB-1  tmd  MWC-1  responded  almost  identically  measuring  within 
several  hundredths  of  a  foot  of  each  other.  MWD-1  groundwater  levels 
were  several  feet  below  MWC-1  during  agricultural  pumping  because  of 
downward  gradients  induced  by  pumping  from  deep  agricultural  wells. 

Groundwater  levels  in  MWD-1  were  above  MWC-1  during  the  winter 
groundwater  rechiirgc  period. 


t 


3.4  Vadose  Zone/Saturated  Zone  Interface  i 

The  vadose  zone  plays  a  key  role  in  understanding  the  subsurface  condi-  • 

tions  at  the  Davis  Site.  Tlte  following  vadose  zone  factors  have  the 
greatest  influence  in  understanding  subsurface  complexities; 

•  Cyclic  c'mnual  movement  of  groundwater  levels  by  30  to 
50  feet 

1 

•  Likely  source  of  historic  contiunination  •  j 

•  Fine-grained  materi;iis  dominate  the  profile 
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Figure  3-7  shows  a  schematic  of  the  vadose  zone  saturated  zone  interface. 
The  potential  contaminant  fate  and  transport  between  these  zones  will  be 
discussed  in  the  next  chapter.  The  annual  fall  of  groundwater  levels 
creates  a  seasonal  vadose  zone,  which  is  desaturated  during  summer 
pumping  conditions.  Pressures  below  and  above  atmospheric  pressure 
have  been  measured  within  this  seasonal  vadose  zone  probably  caused  by 
the  rapid  displacement  of  water  with  air  as  water  levels  fall  and  the  rapid 
displacement  of  air  with  water  as  water  levels  rise.  Because  the  vadose 
zone  is  a  source  of  contamination,  expected  degradation  values  can  be 
compared  to  measured  values  to  help  understand  the  subsurface 
conditions. 
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Data  generated  during  the  Remedial  Investigation  (RI)  fieldwork  are  used 
in  this  chapter  to  estimate  the  mass  and  distribution  of  contamination  in 
the  vadose  zone  and  groundwater.  The  data  on  contaminant  mass  and 
distribution  are  combined  with  our  current  understanding  of  the  hydro¬ 
geology  as  presented  in  Chapter  3  to  develop  a  working  hypothesis  on  the 
mechanisms  of  transport  that  control  contaminant  movement  at  the  Davis 
Site.  The  evaluation  presented  in  this  chapter  will  be  used  to  develop 
feasibility  study  (FS)  alternatives  and  eventually  lead  to  a  remedial  action 
plan. 

4.1  Extent  of  Contamination 

4.1.1  Discussion  of  Contaminants  of  Concern 

Contaminants  of  Concern  (COCs)  were  chosen  for  the  groundwater  and 
soil  gas  on  the  basis  of  recent  and  historical  sampling  results.  Chapter  1 
discusses  the  selection  of  COCs.  A  subset  of  the  full  COC  list  (SCOCs) 
is  presented  in  this  chapter  for  contaminant  fate  and  transport  consider¬ 
ations.  The  subset  consists  of  the  compounds  from  Table  1-1  that  are 
present  above  groundwater  MCLs  or  that  represent  greater  than  1  percent 
of  the  mass  of  contamination  within  the  vadose  zone  outside  of  the  area 
of  influence  from  the  bioventing  study.  The  SCOC  list  is  shown  in  the 
margin.  Tables  4-1  and  4-2  present  summary  statistics  for  the  ground- 
water  ;ind  vadose  zone  SCOCs.  Contaminant  data  are  pre.sented  in 
Appendix  U.  The  detected  SCOCs  in  groundwater  and  soil  gas  are  pre¬ 
sented  on  cross-sections  located  at  the  end  of  this  chapter. 


SCOCs 

Vadose  Zone 

Groundwater 

PCE 

TCE 

1,1-DCE 

Benzene 

Vinyl  Chloride 
Toluene 

Xylene 

PCE 

TCE 

1.1- DCE 

Benzene 

Vinyl  Chloride 

1.1- DCA 

U-DCE 

Table  4-1 

.Summary  Slati.stics  for  Groundwater  SCCK’s 

t'om  pound 

Number 
of  Detects/ 
Samples 

Frequency 
of  Detects 

Range  of 
Detects  (Mg4) 

Mean 

Standard 

Deviation 

(’c;e 

151/312 

0.48 

0.12  to  1.400 

95.97 

214  46 

IfF- 

214/295 

0.73 

0.27  to  3,000 

104.47 

278.10 

1.1  DCE 

113/330 

0.34 

<0.0  to  390 

26.36 

44.21 

Benzene 

24/310 

0.08 

<0.0  to  1 1 

1.71 

2.56 

Vinyl  CTilonde 

10/340 

0.09 

<0.0  to  410 

111.43 

129.84 

I.I  IK'A 

40/340 

0.12 

<0.0  to  38 

5.06 

8,56 

us  1.2  DCE 

64/223 

0.29 

0.41  to  870 

14.53 

7.131 

trans- 1 ,2  DC'I- 

35/120 

0.29 

<0.0  to  3.400 

409.45 

922.92 

lOliUShS  RDD  (f)avis  KI/(  S) 
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Table  4-2 

Summary  Statistics  for  Vadose  TLone  SCtK's 

Compound 

Number 

of  Detects/ 
Samples 

Frequency 
of  Detects 

Range  of 

Detects  (pg/l) 

Mean 

Standard 

Deviation 

Percent 

of  ToUl 

Mass 

PCE 

85/92 

0.92 

0.020  to  541.20 

44.87 

99.43 

90.1 

TCE 

52/92 

0.57 

0.010  to  50.35 

3.96 

8.94 

1.1-DCE 

32/92 

0.35 

0.030  to  10.14 

1.86 

2.69 

0.3 

Benzene 

36/92 

0.39 

0.007  to  1.12 

0.11 

0.19 

0.1 

Vinyl  Chloride 

1/92 

0.0 1 

<0.0  to  0.0030 

0.00 

- 

2.0 

Toluene 

59/92 

0.64 

0.007  to  25.90 

1.11 

4.51 

0.7 

m-,  p-Xylene* 

43/92 

0.47 

0.004  to  16.30 

0.50 

2.47 

2.6 

o-Xylene'’ 

25/92 

0.27 

0.013  to  17.50 

0.83 

3.47 

0.0 

*Sum  of  isomers. 

'”1 ,2-I)imethylbenzene. 

Although  not  included  with  the  groundwater  SCOCs,  ethylene  dibromide 
(EDB)  and  trihalomethanes  (THMs)  have  been  detected  in  samples  from 
the  site  production  well.  EDB  was  used  heavily  in  the  agricultural  indus¬ 
try  as  a  soil  fumigant  until  the  early  1980s.  EDB  has  been  detected  at 
levels  over  one  hundred  times  greater  than  the  maximum  contaminant 
level  (MCL)  of  0.02  pg/l.  EDB  analysis  has  not  been  included  in  moni¬ 
toring  well  sampling  and  analysis  to  date.  Therefore,  no  additional  data 
exist  from  site  monitoring  wells.  The  site  production  well  is  screened 
within  the  C  and  D  aquifers  and  future  sampling  for  EDB  in  monitoring 
wells  is  recommended. 

It  is  suspected  that  the  occurrence  of  THMs  in  the  site  production  well 
samples  is  a  result  of  sampling  the  water  downstream  of  the  chlorination 
point.  Samples  from  upstream  and  downstream  of  the  point  of  chlorina¬ 
tion  should  be  collected  during  the  next  site  production  well  sampling 
event.  It  is  suspected  that  the  results  will  show  that  THMs  will  be  detec¬ 
ted  in  the  downstream  sample  only. 

4.1.2  Hydrocarbon  Contamination 

A  known  source  of  petroleum  hydrocarbon  contamination  at  the  site  is 
from  the  leaking  underground  fuel  storage  tanks  that  were  removed 
during  1988.  The  soil  is  contaminated  beneath  the  former  tank  locations 
down  to  a  depth  of  approximately  65  feet  below  ground  surface  (bgs). 
PeO'oleum  hydrocarbon  related  compounds  (benzene,  toluene,  ethyl¬ 
benzene,  and  xylene)  have  been  detected  in  the  soil  gas  and  in  ground- 
water  sjunples. 

ToutI  pen-oleum  hydrocarbon  contamination  was  detected  in  soil  samples 
from  30  to  6.*)  feet  bgs  during  drilling  of  Well  CH-?i  in  November  1992. 
The  soil  contamination  is  mainly  found  at  two  suhsurf:ice  locations.  The 
first  l(x;ation  is  at  the  interface  of  a  silty  .sjind  layer  ;uid  a  clay  layer  at  a 


|(X)I28I  X.KI)[)  (l)avi.i  RI/P.S) 


4-2 


depth  of  30  to  40  feet  bgs  (see  Appendix  K,  Hydrocarbon  Remediation 
Options).  This  depth  represents  approximate  mean  annual  high  ground- 
water  level.  The  peucleum  hydrocarbons  typically  float  on  the  ground- 
water  surface,  and  this  depth  may  represent  a  layer  of  deposition  for  the 
hydrixiubons  in  soil  because  of  the  groundwater  levels  and  because  of  the 
ch;mge  in  lithology  from  a  more  coarse-grained  to  a  more  fine-gniined 
matrix. 

The  other  zone  of  contamination  occurs  around  60  feet  bgs  in  a  clayey 
matrix.  This  depth  is  the  tipproximaie  depth  of  low  tmnual  groundwater 
;uid  may  represent  a  concentration  of  the  contamination  because  of  the 
contiunination  floating  on  the  groundwater  table. 


4.2  Development  of  Contaminant  Mass 
Estimates 

4.2.1  Selection  of  Target  Areas  and  Target  Volumes 

Tiirget  areas  were  developed  by  interpreting  existing  and  historic  contami¬ 
nation  data.  The  extent  of  contamination  within  each  zone  is  a  major 
source  of  uncertainty.  It  is  ptissible  that  monitoring  wells  do  not  indicate 
the  full  extent  of  contamination.  Uncertainty  may  increase  because  of 
contaminant  transport  and  spreading.  A  discussion  of  how  uncertainty 
affects  target  zones  is  presented  in  Chapter  6. 

To  evaluate  capture  scenarios  for  vadose  zone  and  groundwater  contami¬ 
nation.  target  areas  must  be  selected.  Target  areas  for  each  aquifer  were 
selected  on  the  basis  of  the  historical  water  quality  results  with  an 
emphasis  on  the  February  and  July  1993  results  for  each  medium  of 
concern.  The  target  areas  approximately  encompass  the  area  in  which 
contamination  has  been  detected.  However,  it  is  possible  that  undetected 
contamination  may  exist  beyond  the  target  area. 

Once  target  areas  have  been  selected,  target  volumes  can  be  calculated. 
Target  volumes  represent  the  target  area  multiplied  by  the  thickness  of 
each  respective  zone.  Target  volumes  do  not  account  for  porosity.  Unit 
target  volumes  can  be  defined  as  the  volume  of  air  or  water  that  is 
contained  within  each  respective  target  volume.  A  unit  target  volume 
represents  a  single  pore  air  or  pore  water  exchange.  More  than  a  unit 
uuget  volume  of  extraction  is  needed  to  adequately  remediate  a  selected 
contaminated  medium.  For  the  saturated  zone,  the  extracted  volume  is 
typically  five  to  ten  times  the  unit  target  volume.  For  the  vadose  zone, 
the  extracted  volume  is  typically  hundreds  or  thousands  times  the  unit 
target  volume.  The  actual  number  of  pore  air  or  pore  water  exchanges 
required  will  depend  in  part  on  the  performance  of  the  extraction  system. 
Therefore,  only  unit  target  volumes  are  presented  for  this  report. 

To  estimate  the  unit  target  volumes  for  each  zone,  the  respective  target 
.ueti  is  multiplied  by  the  porosity  of  the  medium  and  then  multiplied  by 
the  thickness  of  the  medium.  The  target  areas  and  unit  target  volumes 
;ire  presented  in  Table  4-3. 
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Table  4-3 

Target  Areas  and  I  nil  Target  Volumes 

Zone 

Target  Area 

Target  Area 
Thickness 
(fl) 

Porosity 

1  nit  Target 
Volume 
(gal.) 

Vadose  Zone 

n 1.2(H) 

40 

0.40 

A-B  Aquitard 

4S3,(XH) 

Z5 

0,45 

18.I(H).(KH) 

B  Aquifer 

453.)HH) 

10 

0.40 

40.7n0.(HH) 

B-C  .Aquitard 

644.150 

20 

0.45 

41.7(H).1XH) 

C'  Aquifer 

649,1.50 

V) 

56.8(*).000 

C-[)  Aquitard 

464.n(X) 

20 

045 

65.2(X),(HH) 

I)  Aquifer 

469,000 

10 

0.15 

76,1(H),000 

[)-E  Aquitard 

450,000 

20 

0.45 

61.9(H).000 

E  Aquifer 

950.000 

?o 

0.15 

74.600.(XK) 

'Vadose  zone  unit  target  volume  uruls  of  V . 

Figure  4-1  is  a  base  map  for  Overlay  Figures  4- la  through  4- Id.  The 
target  areas  for  the  B,  C.  D,  and  E  aquifers  are  given  in  Figures  4- la 
through  4- Id.  The  E  aquifer  target  area  is  based  on  water  quality  re.sults 
from  MWE-3,  MWE-21,  and  MWE-22.  Sampling  results  from  the 
E  aquifer  monitoring  wells  indicate  that  volatile  organic  compound 
(VOC)  concentrations  are  below  the  allowable  MCL.  In  samples  from 
aquifers  B.  C,  and  D.  VOC  concentrations  are  above  MCLs. 

Contaminant  concentrations  near  or  at  the  boundary  of  the  target  areas  tire 
presented  on  the  overlays.  Typically,  the  plotted  contaminant  values  have 
been  detected  at  irregular  intervals  over  the  past  4  to  5  years.  Some  of 
the  values  may  be  representative  of  seasonal  changes  in  groundwater 
quality. 

Figure  4-2  is  a  base  map  for  Overlay  Figure  4-2a.  Soil  gas  stunpling 
locations  are  shown  in  Figure  4- 2a.  Polygon  areas  are  shown  in 
Figure  4-2b.  Sampling  results  for  the  5-foot,  lU-foot,  20-foot,  tuid 
30-foot  depths  are  shown  in  Figures  4-2c  through  4-2f.  The  soil  gas 
target  areas  were  delineated  based  on  shallow  soil  gas  sampling  results 
and  soil  vapor  monitoring  well  (SVMW)  sampUng  results.  The  target 
iu'eas  approximately  encompass  the  areas  where  soil  gas  contamination 
has  been  detected.  Soil  gas  sampling  was  conducted  to  a  depth  of 
approximately  40  feet  bgs.  Therefore,  the  base  of  the  vadose  zone  was 
assumed  to  extend  to  a  depth  of  40  feet  bgs.  The  seasonally  Sciturated 
zone  between  40  feet  and  70  feet  bgs  was  accounted  for  during  the  mass 
estimate  for  gmundwater  as  the  A-B  aquitard. 

4.2.2  Mass  of  Contamination 

Mass  estimates  for  the  SCOCs  within  each  zone  were  prepared  based  on 
the  target  areas  presented  in  Figures  4- 1  and  4-2.  Mass  e.stimales  for  the 
vadose  zone  were  based  on  shallow  soil  gas  results  and  SVMW  and 
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piezometer  sampling  performed  during  1992.  Groundwater  contamination 
estimates  were  based  on  water  quality  results  from  the  February  and  July 
1993  groundwater  sampling. 

4.2. 2. 1  Vadose  Zone 

The  SCOCs  in  the  vadose  zone  were  chosen  by  determining  which  com¬ 
pounds  comprised  over  1  percent  of  the  total  contaminant  mass  in  the 
vadose  zone.  The  vado.se  zone  contaminant  m:»ss  exists  in  three  forms: 
sorbed  onto  the  soil  matrix,  dissolved  in  pore  water,  ;uid  present  in  soil 
gas.  Soil  gas  results  were  input  into  piulilioning  equations  to  estimate  the 
total  contaminant  mass  at  equilibrium.  All  three  forms  were  considered 
in  calculations  performed  to  estimate  the  total  mass  of  contamination 
present.  A  complete  discussion  of  the  approach  used  for  the  vadose  zone 
contaminant  mass  estimation  is  given  in  Appendix  F(b),  Mass  Estimate 
for  Vado.se  Zone  Contamination.  A  more  rigorous  discussion  of  the 
equilibrium  partitioning  between  vapor,  liquid,  and  adsorbed  phases  can 
be  found  in  W.  A.  Jury,  W.  F.  Spencer,  and  W.  J.  Farmer  (1983). 

To  estimate  the  contaminant  mass  present,  the  vadose  zone  target  area 
was  subdivided  into  1 1  polygons  of  known  area  (see  Appendix  F(b). 
Figure  F(b)-l).  Each  polygon  was  subdivided  vertically  into  four  depth 
zones.  Contaminant  concentrations  within  each  depth  zone  were 
estimated  based  on  measured  levels  at  specific  points  within  each 
polygon.  The  size  of  the  polygons  increased  with  decreasing  contaminant 
concentrations.  Soil  gas  concentrations  were  converted  into  total  soil 
concenuations  using  equilibrium  partitioning  equations  (HydroGeoChem, 
Inc.,  1989).  The  total  estimated  mass  of  contamination  present  in  the 
vadose  zone  is  45  kg  (98  lb)  as  indicated  in  Table  4-4  on  page  4-25. 

This  is  approximately  14  percent  of  the  total  mass  of  known 
contamination  at  the  site.  Teffachloroethene  (PCE)  accounts  for  over  90 
percent  of  the  vadose  zone  mass. 

4.2.2.2  Groundwater 

The  SC(X^s  for  the  groundwater  were  chosen  based  on  historical  ground- 
water  quality  data  collected  from  site  monitoring  wells  since  1988. 
Detected  contaminanLs  with  the  greatest  frequency  of  results  above  MCLs 
were  chosen  as  SCOCs.  February  and  July  1993  sampling  results  were 
chosen  as  a  basis  for  estimation  of  contaminant  mass  within  each  aquifer 
:md  aquitard.  A  detailed  discussion  of  the  mass  estimation  is  presented  in 
Appendix  F(a).  Mass  Estimate  for  Groundwater  Contamination. 
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Estimating  the  mass  of  contaminants  in  the  saturated  zone  requires  two 
b;isic  daui  sets: 


•  Data  on  the  physical  chmcteristics  of  the  aquifers  ;ind  aqui- 
tiirds  of  interest  (e.g.,  area,  thickness,  porosity,  soil  density, 
fractiontd  orgimic  citfbon  content  [f...]). 

•  Daui  on  the  conuiminant  characteristics  in  the  aquifers  of 
interest  (e.g..  contaminant  concentration,  contaminant  distri¬ 
bution.  water-organic  ctabon  distribution  coefficient  [K,.,]). 

To  estimate  the  mass  present,  each  aquifer  tiuget  tirea  was  subdivided  into 
polygons.  The  polygons  were  centered  around  monitoring  well  locations 
within  the  aquifer  of  interest.  Contamination  is  pre.sent  in  two  form.s: 
dissolved  in  the  groundwater  imd  sorbed  onto  the  aquifer  or  aquitard 
materitils.  The  aqueous  concentration  cLita  were  used  to  estimate  the 
iunount  of  sorbed  contamination  using  equilibrium  equtitions.  The  m;iss 
of  contamination  was  estimated  for  each  polygon  within  each  aquifer. 

The  aquitard  conuimination  was  estimated  using  ;m  average  of  the 
aqueous  concentration  from  the  aquifer  above  and  below  the  aquitard. 

The  area  of  the  aquitud  was  assumed  to  equal  the  tirea  of  the  underlying 
aquifer. 

Table  4-.“?  on  the  following  page  gives  the  estimated  mass  of  contamina¬ 
tion  per  SCOC  for  each  aquifer  and  aquitard.  The  total  estimated  mass  of 
contamination  in  the  saturated  zone  is  280  kg  (617  lb).  PCE.  tri- 
chloroethene  (TCE).  tind  l.l-DCE  account  for  more  than  88  percent  of 
the  total  mass  present  in  the  .saturated  zone  beneath  the  site.  Almost  85 
percent  of  the  toud  mass  is  present  above  the  C-D  aquitard  beneath  the 
site. 


4.3  Fate  and  Transport 

4.3.1  Cuntaminant  Properties 

Chemical  and  physical  properties  of  the  SCOCs  govern  the  fate  and  trans¬ 
port  of  etich  compound.  The  potential  for  contaminants  to  migrate  in  the 
vadose  zone  and  groundwater  depends  primarily  on  the  following 
properties: 


Chemical 


Vapor  pressure 

Solubility  in  water 

Organic  carbon  partition  coefficient 

Henry’s  constant 

Inorganic  strrption 
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Table  4-5 

(iroundwater  Mass  Estimate  (kg) 


Physical 


•  Organic  carbon  content  of  the  soil 

•  Moisture  content 

•  Porosity 

•  Bulk  density 

•  Hydraulic  gradient 

•  Water  flux  in  the  vadose  zone 

•  Average  interstitial  groundwater  velocity  in  the  saturated 
zone 

4.3. 1. 1  Chemical  Properties 

The  values  of  e;ich  of  the  chemical  properties  for  the  SCOCs  are  given  in 
Table  4-6.  The  following  paragraphs  summarize  the  importance  of  each 
of  the  chemical  properties  when  considering  potential  contaminant  move¬ 
ment. 


Table  4-6 

Chemical  Properties  of  StlOCs 

SCCK’ 

Vapor 
Pressure 
(mm  Hg) 

Water 

Solubility  (mg/I 
@  20°  C) 

Organic  Carbon 
Partition 

Coefficient 

(cm’/gm) 

Henry's 

Constant 
(atm  m’/molel 

PCF, 

14 

150 

164* 

0.0227 

TCE 

59 

1.000 

126 

0.0089 

1,!  IK'E 

500 

400 

65 

0.154 

Benzene 

76 

1.780 

65 

0.0054 

Vinyl  Chlonde 

2.100 

1.100 

8 

0.695 

1.1  [X.' A 

180 

5.500 

10 

0.0057 

irans-1 ,2-IX'E 

265 

6.100 

59 

0.0066 

‘SchwiUe.  1988. 

Source:  EPA.  1990. 

Vapor  Pressure.  The  vapor  pressure  of  a  given  substance  is  the  partial 
pressure  of  vapor  in  equilibrium  with  a  pure  liquid  at  a  given  tempera¬ 
ture.  It  indicates  the  volatilization  potential  of  a  compound.  The  higher 
the  vapor  pressure,  the  more  likely  the  compound  will  enter  the  vapor 
phase.  Of  the  SCOCs,  vinyl  chloride  has  the  highest  vapor  pressure  at 
standard  temperature.  The  vapor  pressure  is  more  of  an  important  consid¬ 
eration  when  contamination  has  been  identified  to  exist  in  a  free  phase 
liquid  form  (dense  nonaqueous  phase  liquids  (DNAPLSl).  The  presence 
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✓  of  DNAPLS  h;>s  not  been  eonfinneii  ;il  the  D;ivis  Global  Communications 

X,  Site  (Davis  Site). 

Solubility  in  Water.  The  water  solubility  indicates  'he  maximum  con¬ 
centration  that  c;in  be  atUuned  at  20  degrees  C  when  each  compound  is 
di.ssolved  in  water.  The  solubility  limit  is  an  important  consideration  in 
contaminant  transport  via  groundwater  or  pore  water  in  the  vado.se  /one 
because  it  dictates  the  amount  of  cont;unin;mt  found  in  solution  ;md 
whether  DNAPLs  will  exist.  Of  the  SCOCs,  1,2-dichloroethene  (DCE) 
has  the  highest  solubility  in  water,  and  PCE  has  the  lowest  solubility. 

Organic  Carbon  Coefficient  (K„j).  The  orgtinic  carbon  piutition 
coefficient  indicates  the  sorption  capacity  of  the  compound  to  the  organic 
carbon  in  the  soil  matrix  and  therefore  its  poteiuial  for  movement  during 
contaminant  transport.  The  higher  the  K,.,.  the  more  the  compound  is 
adsorbed  to  a  given  amount  of  organic  ciubon  exchange  sites  in  the  soil 
matrix  and  the  less  is  available  for  transport.  Of  the  SCOCs.  PCE  has 
the  highest  K,^  value,  ;ind  vinyl  chloride  has  tlie  lowest  value. 

Henry's  Constant.  The  ability  of  a  compound  to  volatilize  from  water 
depends  on  its  Henry's  constant.  The  higher  the  Henry's  constant,  the 
more  ;i  compound  is  likely  to  volatilize  from  contiuninated  groundwater 
or  pore  water  and  move  into  the  soil-gas-tillcd  pores  of  the  vadose  zone. 
Of  the  SCOCs,  vinyl  chloride  has  the  greatest  ability  to  volatilize  from 
water  while  1.1-dichloroethane  and  benzene  have  the  lowest  ability  to 
volatilize.  'Volatilization  can  lead  to  contamination  of  the  soil  and  soil 
0  gits  above  contaminated  groundwater. 

Inorganic  Sorption.  In  the  absence  of  a  significtint  organic  carbon  con¬ 
tent  in  aquifer  material,  minend  surfaces  may  exist  that  are  exposed 
directly  to  the  solution  rather  than  being  coated  with  an  organic  carbon 
film.  These  surfaces  have  some  capacity  for  aiLsorbing  conuuninants. 

The  lunount  of  surface  ;uea  available  for  ad.sorption  is  an  important  v;ui- 
able  in  determining  the  sorption  capacity.  Relatively  small  lunounts  of 
clay  minerals  in  an  aquifer  materiid  can  account  for  a  significant  propor¬ 
tion  of  a  material's  surface  laea  because  of  the  small  size  and  the  sheet 
structure  of  the  clays.  Different  clay  minerals  have  different  unit  surface 
lu'ea.s.  Kaolinitic  clays  have  surface  areas  on  the  order  of  10  mVg.  while 
micas  and  chlorites  have  about  1(K)  mVg.  and  montmorillonitic  clays  can 
have  as  much  as  800  mVg. 

4.3. 1. 2  Physical  Properties 

The  physical  properties  of  the  vadose  zone  (and  several  of  the  saturated 
zone)  were  measured  during  the  remedial  investigation.  Table  4-6  gives 
the  range  of  vidues  for  the  measured  physical  properties.  Hydraulic 
gradients  for  the  saturated  zone  and  interstitial  pore  vekKity  were 
excluded  from  Table  4-7  because  they  vary  from  settson  to  season  ;md 
between  different  aquifers. 
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Table  4-7 

Physical  Properties  at  Davis  Site 

Physical  Property 

Range  of  Values 

^  )rgafiic  L’artx)n  Content, 

(l.(KK)7  to  0.(K}29 

Moisture  Content  i 

n.is  ui  0.25 

Pttro.sitv  1  1 

to  (1.  vj 

Bulk  Density  tgm/cm'l 

1.4  ui  1.5  5 

4.3.2  Transport  Mechanisms 

The  ability  of  contaminanLs  to  migrate  in  the  vadose  zone  depends  on  the 
chemiciil  and  physiciil  properties  listed  above.  However,  contaminant 
transport  in  the  vadose  zone  most  likely  occurs  through  one  of  four 
mechiuiisms:  liquid  advection,  sorption/desorption  iiided  by  fluctuating 
groundwater,  gaseous  diffusion,  and  volatilization.  These  mechanisms  ;ue 
discussed  in  more  detail  in  Appendix  H.  Analysis  of  Vadose  Zone 
Conuunination  Impacts.  The  ability  of  contamimints  to  migrate  in  the 
groundwater  flow  system  depends  primarily  on  the  rate  of  groundwater 
movement.  The  mechanisms  are  discussed  in  the  following  paragraphs. 

4.3. 2.1  Liquid  Advection 

Liquid  advection  is  the  prtKess  of  water  in  the  vadose  zone  percolating 

dov/nwju'd  to  the  water  table.  The  rate  of  advection  is  governed  by  the 
rechtirge  rate  and  residutU  water  content  of  the  vtidose  zone.  Preferential 
pathways  within  the  v;ulose  zone  will  tend  to  concentrate  both  liquid  ;ind 
vapor  flow  ;ind  reduce  transport  times  to  less  than  those  predicted  from 
hulk  soil  properties.  During  drilling  of  the  SVMWs,  macropores  were 
discovered  to  exist  in  the  soil  matrix  dominated  by  clay.  A  macropore  is 
defined  its  a  large-diameter  pore  space  (typically  several  orders  of  magni¬ 
tude  larger  than  average  pore  size)  extending  either  horizontally  or  verti- 
ctdly  within  the  soil  matrix.  Macropores  were  created  by  the  decay  and 
disintegration  of  plant  material  that  was  covered  by  fluvial  deposition 
during  periods  of  fltxxling  of  the  historic  Putah  Creek  channel.  Preferen¬ 
tial  advective  flow  typically  occurs  through  macropores.  It  af^ared  that 
flow  through  these  macropores  was  occurring.  Most  of  the  macropores 
were  noted  in  the  area  of  the  former  underground  fuel  tanks  and  residual 
petroleum  hydrocarbon  conktmination  was  discovered  in  the  macropores 
(see  Appendix  Q,  Lithologic  and  Geophysical  Logs). 

4.3.2.2  Sorption/ Desorption 

Sorption/de.sorptiim  is  the  prtx;ess  by  which  contaminant  mass  is 
exchttnged  between  tbe  liquid  phase  and  the  solid  phase.  This  may  be  a 
dominant  mechanism  for  contaminant  transport  at  the  Davis  Site  at  the 
vado.se  zone/saturated  zone  interface.  Because  of  the  seastinjUity  of  a 
portion  of  the  vadose  zone  where  residual  contamination  exists,  rising 
groundwater  levels  have  the  potential  to  facilitate  contaminant  desorption 
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from  the  soil.  Once  the  contamination  transfonns  to  the  aquatus  phase,  it 
has  tlie  potential  to  move  laterally  with  the  moving  groundwater. 

4.3.2.3  Gaseous  Diffusion 

Gaseous  diffusion  is  the  transfer  of  contaminant  in  the  gas  phase  into 
adjacent  cells  driven  by  a  concentration  gradient.  This  c;ui  be  a  dominant 
tr;inspon  mechanism  in  areas  of  low  surface  recharge  and  extensive 
vadose  zones.  It  likely  plays  a  less  active  role  in  subsurface  contaminant 
transport  at  the  Davis  Site  in  comparison  to  liquid  advection  and  sorption/ 
desorption. 

4. 3.2.4  Volatilization 


Volatilization  is  the  process  by  which  contaminant  mass  is  exchanged 
between  the  liquid  phase  and  the  gaseous  phase.  The  direction  and 
magnitude  of  this  exchange  are  estimated  by  Henry’s  constant.  This 
probably  plays  a  minor  transport  role  at  the  Davis  Site. 


4.3.3  Vadose  Zone  Transport 

Downward  vadose  zone  contaminant  transport  is  dominated  by  liquid 
advection  at  the  Davis  Site  (see  Appendix  H).  Therefore,  the  water 
solubility  and  play  an  important  role  in  the  potential  for  contaminant 
transport.  The  future  impacts  to  groundwater  based  on  existing  soil  gas 
contamination  were  estimated  using  a  one-dimensional  finite  difference 
computer  model  called  VLEACH  (Appendix  H).  The  data  presented  in 
Table  4-2  show  that  the  vadose  zone  contaminant  mass  is  dominated  by 
PCE.  Therefore,  only  the  PCE  concentrations  were  input  into  VLEACH 
to  estimate  the  mass  of  contamination  moving  to  the  groundwater  over 
time. 

Approximately  4,‘>  percent  of  the  contaminant  mass  estimated  for  the 
vadose  zone  is  found  between  26  and  40  feet  bgs  (see  Figure  4-3). 
Because  of  this  distribution  of  mass,  the  initial  contaminant  loading  to  the 
groundwater  is  the  highest.  The  initial  PCTE  loading  to  the  groundwater  is 
estimated  at  450  grams/year  (g/yr).  This  loading  exponentially  decays 
over  time  to  a  value  of  approximately  20  g/yr  after  200  years. 

The  impact  to  groundwater  of  this  loading  was  calculated  by  estimating 
the  groundwater  underflow  beneath  the  site  and  then  performing  mixing 
cell  calculations  to  determine  the  concentration  of  PCE  in  the  ground- 
water  over  time.  The  initial  PCE  concentration  in  groundwater  was  set 
equal  to  zero.  The  maximum  incremental  impacts  to  the  groundwater 
from  the  PCE  residing  in  the  vadose  zone  ranged  from  20  pg/1  to  80  pg/1 
after  30  years.  These  values  are  above  the  groundwater  MCL  for  PCE  of 
5  pg/I.  The  PCE  remains  a  source  of  contamination  for  over  200  years. 
Therefore,  the  ma.ss  of  PCE  contamination  that  now  resides  in  the  vadose 
zone  is  a  significant  long-term  threat  to  the  groundwater  quality  beneath 
the  Davis  Site. 
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RGURE  4-3 
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Figure  4-4  is  a  schematic  flow  chart  of  the  potential  VOC  transport  at  the 
Davis  Site.  The  .schemtitic  outlines  the  fate  and  tfansport  of  a  PCE-  or 
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TCE-free  product  spill  at  the  ground  surface  and  follows  potentitil  path¬ 
ways  to  the  groundwater.  The  schematic  provides  a  conceptual  under- 
sumding  of  the  dominiuit  triuisport  mechanisms  available  at  the  site.  It  is 
als('  a  basis  for  undersumding  ;md  exphiining  the  occurrence  of  the 
measured  soil  gas  ;ind  aqueous  pha.se  concentrations  of  the  SCCXTs 
beneath  the  site.  This  schematic  complements  the  interpretation  of  the 
contiuninant  data  on  the  cross-sections  provided  at  the  end  of  this  chapter. 

Figure  4-5  shows  some  of  the  possible  pathways  that  PCE  ;uid  TCE  c;ui 
he  degrtided  by  chemicid  ;ind  biologicid  processes.  Figure  4-4  presents 
the  equilibrium  ptutitioning  of  PCE  and  associated  hretikdown  products  in 
the  vtidose  /one  :ind  groundwtiter  based  on  the  chemical  properties  pre¬ 
sented  in  Ttible  4-5.  In  Figure  4-4.  the  higher  the  degree  of  shading,  the 
higher  the  percentage  of  a  given  mass  of  compound  is  likely  to  exist  at 
equilibrium  in  that  form.  The  thickness  of  the  tirrows  indicates  the 
domintuit  aansport  pathway  or  mechtinism. 

Following  the  PCE  pathway  in  Figure  4-4.  it  is  seen  that  as  free  product 
enters  the  vadose  /one.  most  of  the  PCE  will  reside  as  sorbed  to 
exchiuige  sites  on  the  soil.  This  is  driven  by  the  relatively  low  solubihty 
of  PCE  and  relatively  high  K,.^.  At  equilibrium  in  the  vadose  /one. 
approximately  75  percent  of  the  originid  mass  of  PCE  will  reside  in  the 
sorbed  ph.ise  while  the  remaining  mass  will  reside  as  either  soil  gas.  free 
product,  or  be  dissolved  in  pore  water.  This  is  consistent  with  the  soil 
gas  sjunpling  results  where  PCE  mass  dominates  the  vadose  /.one  conttim- 
inant  mass. 

Movement  of  the  PCE  contamination  widiin  the  vadose  zone  is  dominated 
by  liquid  advection  to  the  groundwater.  Once  in  contact  with  ground- 

water.  sorption/desorption  is  the  primary  mechanism  for  transport.  FCE,  TCE,  and  1,1-DCE  account  fur 

Groundwater  level  fluctuation  plays  a  major  role  in  contaminant  move-  over  97  percent  of  the  vadose  zone 

ment  at  the  site  because  of  the  sorption/di  sorption  process  that  lakes  contaminant  mass. 

phice  at  the  groundwater/vadose  zone  interface.  Without  the  seasonal 

lluctuation.  it  is  likely  that  more  contamination  would  still  reside  in  the 

vadose  zone. 

Figure  4-4  also  illustrates  how  this  transport  process  could  be  completed 
with  TCE  and  1.1 -DCE.  It  is  obvious  that  the  transport  or  transformation 
of  contamination  within  the  subsurface  is  dependent  on  subsurface  condi¬ 
tions.  PCE.  TCE.  and  1.1 -DCE  account  for  over  97  percent  of  'he 
vadose  zone  contaminant  mass  in  the  site  soil  gas  (see  Table  4-3)  with 
PCE  accounting  for  over  90  percent  of  the  mass.  Within  the  site  ground- 
water.  PCE.  TCE.  and  1,1-DCE  account  for  8.5  percent  of  the  contamina¬ 
tion  with  PCE  accounting  for  over  56  percent  of  the  mass. 

The  type  and  volume  of  the  source  of  contamination  at  this  site  is 
unknown.  Therefore,  it  is  unknown  if  the  presence  of  PCE  and  TCE 
degradation  products  like  1.1-DCE.  1.2-DCE.  and  vinyl  chloride  are  the 
result  of  chemical  or  biodegradation  within  the  subsurface  or  represenui- 
tive  of  the  compound's  movement  from  a  vadose  zone  source  area  to  the 
groundwater.  Biixlegradation  potential  within  the  groundwater  is  dis¬ 
cussed  in  Appendix  N.  Natural  Biological  Groundwater  Attenuation,  and 
will  be  discussed  later  in  this  chapter. 
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4.3.4  (iroundwater  Transport 


Till.'  ahililN  ol  coniiuninaiil.s  to  mistratc  in  the  eroiindwater  How  system 
de|viul'  primarily  on  their  extent  ol  adsoqition  (illustrated  in  Fitiure  4-4). 
The  K  ol  a  compound  yues  an  indication  ol  the  sorptive  tendenex  ol  a 
compound.  It  is  assumed  that  oryanic  ciuhon  is  the  priimuy  adsorhent  m 
the  Mihsurtace  media.  For  suPsurtace  materials  with  low  oryanie  carhon 
content.  siynilKanl  adsoipiion  hy  suhsurlace  minerals  is  also  possible 
\ccortlmy  to  the  K  \alues.  vinvl  chloride  is  the  most  mobile  compound 
at  this  site,  xvhile  P('E  is  the  least  mobile. 

The  mass  ot  coniiuninalion  w  ithin  each  suhsurlace  /one  beneath  the 
Daxis  She  is  presented  in  Table  4-5.  The  mass  ot  coiuiuninalion  in  the 
yioiindwaler  accounts  tor  over  Sb  percent  ot  the  total  estimated  site  eon- 
lammalion.  Dissolved  eontaminiuit  concentrations  Irom  yroundwialer 
samples  taken  duriny  February  and  July  are  shown  in  the  eross- 
section  tiyiires  at  the  end  ot  this  chapter  ;uid  are  the  basis  ot  the  mass 
estimates.  The  cross  sections  aid  in  the  undersiandiny  of  the  meehjuiies 
ol  contaminant  tlow  potential  beneath  the  site. 

The  contaminant  transport  pathways  be'iieath  the  Davis  Site  itfc  driven  by 
the  lollowiny  physical  properties: 

•  Viayiny  hori/oniai  ;utd  veriicid  yradienis 

•  Varyiny  tlow  directions 

•  Fluctualiny  groundwater  levels 

•  Locali.ed  aquiter  heterogeneities 

The  direction  ot  cont.uninant  tlow  will  typically  mirror  the  groundwater 
tlow  direction.  Horizontal  and  vertical  gradients  lu^e  steepest  during  the 
Slimmer  months  benea'h  the  .site.  For  this  reason,  the  qutintily  of  ground¬ 
water  Ilow  and  dissolved  contamination  is  highest  during  this  lime  period. 
Vk  ithin  the  B  ;uid  C  aquifers,  the  tlow  direction  is  generally  southerly  (it 
ranges  troin  southwest  to  southeast)  during  the  summertime.  During  the 
winter  months,  the  groundwater  How  direction  vitfies  from  southwest  to 
northwest  with  the  gradient  being  up  to  an  order-of-magnitude  less  than 
that  during  the  summer.  Therefore,  contiuniniutt  movement  during  winter 
months  is  less  thiui  during  summer  months. 

Contaminimt  movement  is  typically  slower  thiin  bulk  groundwater  Ilow 
because  of  reliu'dittion  of  contiuninant  How  by  adsorption  ;uid  other  physi¬ 
cal  and  chemical  proces.ses.  Assuming  that  coniiuninalion  within  the 
groundwater  moves  at  the  stune  rate  as  groundwater  would  lypictilly 
overestimate  the  rate  of  conuunintmt  movement. 


4.3.4. 1  Concentration  Changes 


Concentration  versus  lime  plots  are  presented  in  Figures  4-6:i  through 
4-bh.  The  plots  present  the  historical  cont.uninant  concentration  dat;i  for 
the  detected  SCOCs  for  Wells  MW-1.  V1W-.1.  MW-5.  MWr-12. 
MWD-12.  MWC-T  MWD-1.  and  MWD-IO.  Other  lime  series  plots  lae 
presented  in  Appendix  E.  Concentration  versus  lime  plots  for  all  wells 
using  .1  log  sc;de  for  concentration  itfe  provided  in  Alltichmenl  I  of  the 


Historically,  B  aquifer  Wells  .VfW-.f, 
MW -2,  and  MW- 1  contain  ground- 
water  with  the  highest  level  of  TCI-', 
concentrations. 
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levels  ot  SCOCs  over  time.  Groundwater  elevations  ;ire  pre.senied  on  the 
figures  to  examine  ;my  U'ends  as.sociated  with  rising  ;ind  hilling  ground- 
water  levels. 

The  initial  groundwater  Siunpling  from  these  wells  showed  concentrations 
m  excess  of  l.fiOO  gg/l.  TCE  concentrations  alter  the  initial  .sampling 
(3  months  later)  decreased  by  at  least  threefold  from  the  initiid  sampling. 
The  reason  for  this  decrease  is  unknown.  The  initiid  TCE  concentrations 
were  not  used  in  the  mass  estimate  comparison  between  19SS  and  199.3. 

To  investigate  the  change  in  dissolved  contiuninant  inicss  over  time  in  the 
B  aquifer,  the  mass  of  contamination  within  the  B  aquifer  was  estimated 
using  May  1988  and  February  1993  sampling  results  from  Wells  MW-1 
through  MW-8.  The  results  of  the  contaminant  mass  comparison  are 
shown  in  Table  4-8.  The  results  show  that  the  dissolved  mass  of  con- 
tiunination  within  the  B  aquifer  in  1993  is  about  half  of  the  total  mass 
present  during  May  1988.  Samples  from  Wells  MW-1  luid  MW-5 
showed  the  greatest  decrease  in  mass  while  samples  from  Well  MW-3 
showed  the  only  increase  in  contaminant  mass.  Well  MW-3  is  down- 
gradient  from  Well  fvr*V-5  during  inosi  oi  tiic  yc<ir.  The  increase  in 
contaminant  mass  in  this  well  probably  represents  contaminant  movement 
by  means  of  groundwater  flow  at  the  site. 

Only  the  B  aquifer  mass  was  estimated  for  1988  because  of  the  longer 
period  of  historical  data  for  this  zone  when  compiled  to  the  C  and  D 
aquifers  at  the  site.  Contaminant  concentrations  within  the  C  and  D 
aquifers  have  increased  since  monitoring  wells  were  installed  in  1991. 
Groundwater  from  Monitoring  Wells  MWD-10  and  MWD-12  is  becoming 
more  concentrated  with  TCE  over  time.  Levels  of  TCE  contamination 
within  the  C  aquifer  are  higher  than  those  in  the  D  aquifer. 

One  reason  for  the  increase  in  contamination  in  the  C  and  D  aquifers  is 
because  of  vertical  contaminant  movement  beneath  the  site.  Careful 
examination  of  cross-sections  B-B'  (Figure  4-10)  and  H-H’  (Figure  4-16) 
reveal  a  potential  conduit  for  contaminant  movement  between  the  shallow 
more  contaminated  groundwater  and  the  underlying  more  transmissive  C 
and  D  aquifers.  The  zone  of  highest  contamination  is  found  in  the 
vicinity  of  Wells  MW-2,  EW-IB,  and  MW-3.  This  area  seems  to  have 
the  greatest  thickness  of  B  aquifer  materials  and  contamination  may  tend 
to  concentrate  in  this  area.  During  summer  months  when  horizontal  and 
vertical  gradients  are  greatest,  contamination  from  the  B  aquifer  moves 
southerly  and  downward  to  a  transmissive  zone  in  the  C  aquifer  in  the 
vicinity  of  MWC-3  where  it  intersects  the  upper  reaches  of  the  D  aquifer. 
From  this  point,  it  reaches  the  more  transmissive  D  aquifer  and  spreads 
laterally  and  downward  to  the  E  aquifer. 

Horizontal  gradients  within  the  B  and  C  aquifers  favor  this  southerly 
movement  while  steep  downward  gradients  exacerbate  the  spread  of  con¬ 
tamination.  The  outcome  is  continued  movement  of  contaminated 
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Table  4-8 

Comparison  of  May 


1988  and  February  1993  Dissolved  VOC  Contamination 


VOC  Concentration  (mr/II 
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Total  VOCs 
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Saturated  Thickness 


V(X1  Mass  (kg) 
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M.W 

24.(81 
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20,088 
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61.60 

31.92 
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0.00 
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1.50 
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1.537.50 

440.(8) 

46.805 

46.805 

0.40 
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45.00 
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36,66 
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groundwater  outwtu'd  and  downward  from  the  groundwater  source  area 
iiround  Wells  MW -2  and  MW-3. 


4.3.5 


Natural  Biological  Attenuation  Potential 


The  groundwater  quality  data  were  reviewed  for  evaluation  of  natural 
biological  attenuation  of  VOCs.  A  detailed  discussion  of  this  evaluation 
is  presented  in  Appendix  N.  The  data  were  analyzed  for  significant 
changes  in  concentrations  over  lime  that  might  be  caused  by  biotransfor¬ 
mation.  The  analyses  indicate  that  insufficient  dtita  tire  available  for  a 
thorough  evaluation,  but  the  following  conclusions  were  derived: 

•  Biotransformation  in  the  form  of  tuiaerobic  dehalogenation 
may  be  occurring  in  the  vicinity  of  soil  gas  Monitoring  Well 
CH-5.  This  process  may  be  a  source  of  vinyl  chloride  to  the 
groundwater  in  the  B  aquifer. 

•  It  is  unlikely  that  a  significant  portion  of  the  decreases 
shown  by  the  concentration  versus  time  plots  can  be 
accounted  for  by  aerobic  transformation. 

Further  sampling  for  byproducts  of  anaerobic  dehalogenation  (ethene  and 
ethane  in  the  soil  gas  and  in  the  groundwater)  will  help  determine  if  vinyl 
chloride  is  being  dehalogenated  to  less  hazardous  compounds.  Measure¬ 
ment  of  Oj,  COj,  CH4,  and  H  in  the  soil  gas  would  also  help  determine 
the  natural  biological  processes  occurring  in  this  area.  However,  soil  gas 
sjunpling  should  be  coordinated  with  the  ongoing  bioventing  study  to 
determine  the  effects  of  increased  oxygen  in  the  subsurface. 

4.3.6  Conceptual  Model  Development 

Figure  4-7  shows  the  conceptual  model  for  the  site.  The  conceptual 
model  is  viewed  as  the  end  product  of  the  data  interpretation  for  the  site. 
The  conceptual  model  shows  potential  and  probable  contaminant  path¬ 
ways  throughout  the  subsurface  of  the  Davis  Site.  It  is  a  schematic 
representation  of  the  existing  VOC  and  petroleum  hydrocarbon  contami¬ 
nant  mass.  The  hydrogeologic  interpretation  for  the  conceptual  model 
was  based  on  data  presented  in  the  site  cross  sections  (Figures  4-7 
through  4-17)  found  at  the  end  of  the  chapter. 

The  conceptual  model  illustrates  the  presence  of  vadose  zone  contamina¬ 
tion  near  the  northeast  boundary  of  the  fenced  compound  and  near  Soil 
Vapor  Monitoring  Well  CH-5.  It  also  illustrates  the  shallow  groundwater 
contaminant  mass  concentrated  in  the  thickest  portion  of  the  B  aquifer 
near  EW-IB  and  how  that  contamination  has  spread  downward  and 
outward  from  this  B  aquifer  source  area  to  the  C,  D,  and  E  aquifers. 

The  total  contaminant  mass  beneath  the  site  is  an  uncertain  quantity. 
Estimates  of  the  total  mass  were  based  on  measured  values  and  published 
references.  While  an  accurate  estimate  of  the  contaminant  mass  is  impor- 
t:mt.  the  distribution  and  movement  of  contamination  will  dictate  remedial 
actions.  The  conceptual  model  illustrates  the  most  important  concern- 
contaminant  movement  into  the  regional  aquifers. 
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Chapter  5  Problem  Definition 


This  chapter  presenLs  a  summary  of  the  risk  assessment,  a  description  of 
ARAR  compliiince,  and  required  cleanup  levels  for  contaminants  in  each 
media.  The  risk  assessment  is  based  on  health-based  risk  standards  and 
regulatory  guidelines  for  maximum  contamination  levels,  as  applied  to  the 
understanding  of  site  hydrogeology  and  nature  and  extent  of  contamina¬ 
tion  described  in  Chapter  3  and  4,  respectively. 


5.1  Preliminary  Risk  Assessment 

The  prelim iriiU'y  nsk  assessment  for  the  Davis  Site  used  information 
developed  through  the  remedial  investigation  (RI)  to  achieve  the 
following' 

•  Identify  potential  chemiciUs  of  concern  at  the  site. 

•  Identify  potential  exposure  pailiways  from  the  chemicals  of 
concern  to  human  and  ecological  receptors. 

•  Esumate  chemical  concentrations  that  receptors  could 
become  exposed  to  through  the  identified  potential  exposure 
pathways. 

•  Estimate  chemical  intake  rates  through  the  identified 
potential  exposure  pathways. 

•  C'h.'u'acteri.^e  potential  risks  to  humans  :md  wildlife 
associated  with  estimated  intake  rates. 


t  his  prelimintu'v  risk  as.sessment  was  ba.sed  on  a  retisonable  maximum 
ex{x)sure  (RME)  scenario  and  was  developed  in  accordance  with  ;ippli- 
cable  federal,  state,  and  InsUdlation  Restoration  Program  (IRP)  guidance. 
In  developing  the  RME  scenario,  the  preliminary  risk  as.sessment  used 
conservative  assumptions  that  estimated  exposures  to  site  contaminants 
well  above  average  exposure  levels,  but  still  within  the  range  of  possible 
cxjiosures.  The  assumptions,  methods,  and  data  used  in  the  preliminary 
risk  assessment  are  presented  in  a  Risk  Assessment  Report  prepared  con¬ 
current  with  this  report.  This  section  summarizes  the  findings  and 
conclusions  from  the  preliminary  risk  asse.ssment. 


Exposure  scenarios  include  inhalation 
of  VOCs  from  soil  water  and  ingestion 
or  dermal  contact  with  contaminants  in 
excavated  soils. 


Contaminants  of  concern  that  were  eviduated  in  the  preliminary  risk 
assessment  were  volatile  organic  compounds  (VOCs)  detected  in  soil  gas 
and  groundwater,  and  petroleum  hydrocarbons  and  polynuclear  aromatic 
hydrociabons  detected  both  in  subsurface  soil  and  in  stockpiled  .soils. 
Crenerally.  exposures  to  these  contaminants  were  based  on  the  highest 
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concentrations  detected  at  the  site.  Exposure  scenarios  developed  to  eval¬ 
uate  risks  to  human  health  considered  onsite  workers  potentially  exposed 
by  inhalation  of  VOCs  emitted  from  soil  gas  or  groundwater  from  the  site 
production  well,  dermal  contact  with  VOCs  in  groundwater,  or  soil  inges¬ 
tion  and  dermal  contact  with  contaminants  in  excavated  soils.  Figure  5- 1 
shows  a  schematic  diagram  of  the  potential  exposure  scenarios. 

Because  of  zoning  restrictions  in  Yolo  County,  the  site  is  not  likely  to  be 
used  for  residential  housing  in  the  event  of  a  change  in  mission  of  the 
facility.  However,  at  the  request  of  regulatory  agencies,  a  hypothetical 
residential  exposure  scenario  was  evaluated,  involving  ingestion,  inhala¬ 
tion,  and  dermal  contact  with  VOCs  detected  in  groundwater  monitoring  Ecological  resources  potentially  at  risk 

wells.  Ecological  resources  potentially  at  risk  are  limited.  However,  are  limited  to  Swainson’s  hawk  and 

there  are  two  special  status  species  that  could  use  certain  features  of  the  burrowing  owL 

site:  these  are  Swainson’s  hawk  and  burrowing  owl.  Certain  remediation 
activities  could  result  in  small  losses  in  foraging  habitat  for  Swainson’s 
hawk.  Burrowing  owls  using  the  stockpiled  soils  for  nesting  could 
potentially  become  exposed  to  petroleum  hydrocarbons  detected  in  the 
soil.  With  minimal  dilution  and  ventilation  in  the  burrows,  hydrocarbon 
contaminants  in  the  soil  could  reach  equilibrium  concentrations  in  air, 
resulting  in  potential  inhalation  exposures.  In  addition,  two  species  of 
rare  and  endangered  plants  have  been  identified  northeast  and  southwest 
of  the  fenced  compound  area;  Colusa  grass  and  Solano  grass.  However, 
these  areas  are  not  expected  to  be  affected  by  remedial  activities. 

Estimated  health  risks  to  humans  are  summarized  in  Table  5-1.  The 
Environmental  Protection  Agency  (EPA)  generally  considers  action  to  be 
warranted  at  a  site  where  cancer  risks  exceed  1  x  ICT*  or  a  noncancer 
hazard  index  exceeds  one.  Risks  falling  m  the  1  x  lO"*  to  1  x  lO"*  range 
may  or  may  not  require  action,  and  are  judged  on  a  case-by-case  basis. 

Risks  less  than  1  x  lO"*  typically  are  not  of  concern  to  regulatory 
agencies.  The  results  from  the  preliminary  risk  assessment  indicate  that 
some  action  may  be  required  to  reduce  risks  to  human  health  associated 
with  contaminants  in  groundwater.  However,  there  are  significant 
uncertainties  in  the  risk  estimates  associated  with  contaminants  in  the  site 
production  well.  Additional  monitoring  from  the  site  production  well 
may  be  warranted  to  better  evaluate  the  presence  and  concentrations  of 
ethylene  dibromide  (EDB)  and  trihalomethanes  (such  as  chloroform)  in 
water. 


Diesel  hydrocarbon  concentrations  in  some  samples  from  the  stockpiled 
soils  exceeded  an  ecological  benchmark  level  for  inhalation  exposure, 
suggesting  the  presence  of  some  risks  to  burrowing  owls.  Significant 
uncertainties  are  associated  with  the  estimation  of  ecological  exposures 
and  with  the  benchmark  level  development.  The  ecological  risk  assess¬ 
ment  tends  to  overestimate  the  risks  associated  with  petroleum  hydro¬ 
carbons  in  soil.  However,  the  soil  piles  do  not  represent  significant 
habitat  and  could  be  removed  or  graded  with  insignificant  impacts  to  owl 
populations. 
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Table  5-1 

Summary  of  Estimated  Human  Health  Risks 
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Compliance  with  ARARs 


The  alternatives  diseusseil  in  this  Retneilial  lnvestii:;iti»>n/Feasibility  Study 
iRI/FSi  ;ire  required  to  attain  eletuiup  statuhtrds  and/or  standtirds  ot 
eontrol  ol  ha/;irdous  suhst;uiees  whieh  eoniply  with  applieahle  or  relesant 
and  appropriate  requirements  i  ARARs).  These  requirements  melude 
lederal  environmental  laws  luid  more  stnneent  stale  laws.  |  .v  .J  r.,i;u'a- 
tions  and  guidelines  must  .dso  be  ideiitilied.  Table  >-2  is  a  listim;  ol  the 
rejtulalory  requirements  ineluded  in  the  identilieation  ol  potential  .ARARs. 

AR  ARs  lu^e  divided  into  three  eateuories:  ehemieal-speeitie.  loealion- 
epeeilie.  and  aetion-speeilie  requu'ements.  The  ehemieid-speeilie  AR  ARs 
lor  the  Davis  Site  jjroundwater  remedial  aetions  define  the  eoneeniralion 
levels  lor  eontiuninant:  in  jtroundwater  that  trigger  a  problem  and  define 
eoneentration  levels  required  lor  satislaetory  treatment  and  end-use  eom- 
ponents  for  treated  groundwater,  rurrently.  no  lederal  or  stale  ehemieid- 
speeifie  eleanup  eriteria  exist  for  soil  or  soil  gas.  The  loeation-speeifie 
ARARs  relate  to  the  geographieal  or  physieal  loealion  of  the  site,  and  the 
aetion-speeifie  ARARs  lae  requirements  that  define  aeeeptable  treatment 
and  disposid  prosedure..  ter  hazardous  siibstiuiees.  Appendix  (T  .AR.ARs 
Analysis,  diseusses  [votential  AR  ARs  identitied  for  the  Davis  Site, 
meluding  two  endangered  grass  speeies.  Colusa  and  Sidano. 

The  AR.ARs  developed  in  this  Rl/FS  are  prelimintiry.  Finid  ARARs  will 
he  developed  and  selected  only  after  consideration  of  site-specific 
•  conditions;  the  results  of  risk  assessment;  negotiations  with  the  agencies; 

and  the  eviduation  of  remediid  actions  such  as  extraction,  treatment,  and 
engineering  controls  to  protect  public  heidth  and  the  environment. 

AR.ARs  identification  will  eventually  be  documented  in  the  RAP, 


5.3  Cleanup  Goals  for  Kach  Medium 

The  cle;inup  goals  selected  for  both  the  vadose  zone  ;ind  the  groundwater 
includes  restoring  levels  to  background  conditions.  These  cleanup  goals 
were  established  by  the  Regional  Water  Quality  Contfol  Boiu’d  (RWQCB) 
and  Department  of  Toxic  SubsUinces  Conuol  (DTSC)  during  meetings 
with  CH2M  HILL  and  McClellan  Air  Force  Base  (McClelhin  AFB)  in 
June  IW.T  For  groundwater,  this  translates  to  a  contaminant  level  of 
below  detection,  or  <11. S  pg/1,  for  most  constituents. 

A  cleanup  ginil  is  a  tiirget  level  that  is  both  technically  and  economically 
attiunable.  but  may  not  be  achieved.  Acceptable  levels  of  cle;inup  are 
usually  based  on  risk  and  may  not  he  as  stringent  as  the  background 
condition  cleanup  go;d.  Risk-based  cleanup  goals  may  prove  to  be  more 
feasible  economicaJly.  but  still  capable  of  achieving  defensible  cleanup 
levels. 
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Table  5-2 

Federal  and  State  Requirements  Included  in  the  Identification  of  Potentlai  ARARs 


Federal  Requirements 


Resource  Conservaiion  and  Recover\’  Act  (RCRA) 


Gean  Water  Act  ((."W'  \  i 


Safe  [)nnking  Water  Act  (SDWA) 


Gean  Air  Act  (CAAJ 


Comprehensive  Environmental  Response.  Comriensai.on,  and  Li^ility  Act  (CEKCLA) 


Superfund  Amendments  and  Reauthorization  \ct  tSARA^ 


National  Archaeological  and  Histone  Preservatiot.  Act 


National  Historic  Preservation  Act 


Endangered  Speaes  Act 


Wilderness  Act 


Fish  and  Wildlife  Coordination  Act 


Scenic  Rivers  Act 


Coastal  Zone  Management  Act 


Manne  Protection  Resources  and  Sanctuary  Act 


Executive  Order  on  the  Protection  of  Wetlands 


Executive  Order  on  the  Protection  of  Rood  Plains 


Federal  Insectiade,  Fungicide,  and  Rodentiade  Act  (FIFRA) 


Toxic  Substances  Control  Act  (TSCA) 


Occupational  Safety  and  Health  Act  (OSHA) 


Standards  for  Transportation  of  Hazardous  Wastes 


Stale  Requirements 


California  Regional  Water  Quality  Control  Board  Standards  tRWQCB) 


California  Code  of  Regulations  (CCR) 


State  Water  Resources  Control  Board  (SWRCBt 


California  Air  Resources  Board  (CARB) 


Hazardous  Waste  Control  Law 


State  Superfund 


California  Endangered  Species  Act 


California  Fish  and  Game  Code  Sections 


Department  of  Health  Services  Office  of  Drinking  Water  (DHS) 


Yofo-SoUno  Air  Pollution  Control  District  Rules  and  Gutdeiines 


Yolo  County  Department  of  Environmental  Health  Guidelines 


Porter-Cologne  Water  Quality  Control  Act 
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Chapter  6  Feasibility  Study 


This  chapter  eviUuales  different  remedial  alternatives  that  could  be  used  to 
cleiin  up  the  vadose  zone  and  groundwater  contrunination.  The  remedial 
alternatives  iue  eviilutited  htesed  on  current  understanding  of  the  site 
hydrogeology  :uid  nature  ;md  extent  of  conuunination  presented  in 
Chapters  3  and  4. 

The  lollowing  three  remeditd  resptinse  objectives  have  been  developed  by 
the  California  Regiontd  Water  Quality  Control  Board  (RWQCB),  the 
Depiirtment  if  Toxic  SubsUinces  Control  (DTSC).  and  McClellan  Air 
Force  Bicse  (McClellan  AFB)  for  the  Davis  Global  Communications  Site 
(Davis  Site): 


•  Reduce  or  eliminate  levels  of  subsurface  contamination  that 
pose  a  potential  threat  to  humim  health  or  the  environment. 

•  Prevent  the  spread  of  groundwater  contamination  beneath  the 
site,  especially  to  regional  aquifers. 

•  Provide  implemenuible  strategies  for  remedial  actions  its 
quickly  ;ls  [to.ssible  and  still  mainuiin  compliance  with  the 
Federal  Facilities  Site  Remediation  Agreement  (FFSRA) 
schedule. 

The  remeditil  action  that  is  eventually  selected  from  the  range  of  tiltema- 
iives  presented  in  this  ch.ipter  should  be  checked  against  these  remedial 
response  objectives  to  in;ike  sure  that  the  action  is  in  fact  adequate. 

6.1  Approach  to  the  Feasibility  Study 

This  Feasibility  Study  focuses  on  remediiil  action  alternatives  for  two 
different  media  of  concern:  the  vadose  zone  (soil  above  the  water  table) 
and  the  groundwater.  Potential  remedies  for  the  vadtise  zone  ive 
developed  ba.sed  on  their  ability  to  remove  volatile  orgtinic  compounds 
(VOCs)  only. 

'"iicre  is  al.so  an  ;irea  of  the  vadose  zone  that  is  contaminated  wiib  heavier 
peu-oleum  hydrocarbons  that  do  not  exhibit  any  appreciable  volatility,  as 
described  in  Chapters  1  and  4.  This  zone  of  contmnination  is  the  subject 
o(  a  bioventing  treatability  study  being  conducted  by  Fngincering-Science, 
Inc.,  and  is  not  addressed  in  this  chapter.  More  dettiil  on  the  nature  of 
the  petroleum  hydriK.'u'bon  contamination  and  potential  options  that  could 
lx:  used  to  mitigate  Ihe  problem  ;ire  discus.sed  in  Appendix  K, 

Hydro  carbon  Remediation  Options. 
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No-action  cleanup  options  are  presented  for  both  the  vadose  zone  and 
groundwater  to  provide  a  baseline  against  which  the  actions  can  be 
compared.  In  any  feasibility  study,  the  National  Oil  and  Hazardous 
Substances  Contingency  Plan  (NCP)  requires  that  no  action  be  carried 
through  the  detailed  tinalysis  of  alternatives. 


With  the  exception  of  no-action,  the  vadose  zone  and  groundwater  clean¬ 
up  options  evaluated  herein  may  be  thought  of  as  consisting  of  three 
different  components:  (1)  Capture  of  the  contamination  in  the  sub¬ 
surface,  (2)  Treatment  of  the  resulting  contaminated  airstream  or  water 
stream  that  is  extracted  from  the  subsurface,  and  (3)  End-use  of  the 
airstream  or  water  stream  after  treatment.  The  descriptions  presented  in 
this  chapter  follow  this  logic  by  describing  first  the  capture,  then  the 
treatment,  and  finally  the  end-use  components  for  each  cleanup  option. 


Each  Cleanup  Option  Consists  of 
Three  Components: 

•  Capture 

•  Treatment 

•  End  Use 


Cleanup  options  evaluated  for  VOCs  in  the  vadose  zone  are  no-action  and 
soil  vapor  extraction  (SVE).  Other  possible  actions  for  remediating 
VOCs  in  the  vadose  zone  such  as  capping  or  excavation  are  not  evaluated 
in  this  RI/FS  because  they  are  thought  to  be  either  too  costly  or 
ineffective  when  compared  to  SVE. 


Cleanup  options  evaluated  for  groundwater  contamination  are  no-action 
and  groundwater  extraction.  Other  options  to  remediate  the  groundwater 
such  as  in  situ  treatment  are  not  evaluated  in  this  Rl/FS  because  their 
ability  to  address  the  groundwater  contamination  given  the  hydrogeologic 
conditions  at  the  Davis  Site  has  not  been  proven. 

The  cleanup  options  for  the  vadose  zone  and  groundwater  may  be 
assembled  into  four  different  sitewide  alternatives  as  illustrated  in 
Table  6- 1 .  In  Section  6.3  of  this  chapter,  the  alternatives  are  evaluated 
and  compared  to  assist  the  decisionmakers  in  selecting  the  proper  action 
for  the  Davis  Site. 


Two  Different  Cleanup  Options  are 
Evaluated  for  the  Vadose  Zone  and 
Groundwater: 

•  Vadose  Zone: 

No- Action 

•  Soil  Vapor  Extraction 

•  Groundwater: 

No- Action 

-  Groundwater  Extraction 


Table  6-1 

Summary  of  Alternatives 

Alternative 

Cleanup  Options 

No-Action 
Vadose  Zone 

No'Action 

Groundwater 

Soil  Vapor 
Extraction 

Groundwater 

Extraction 

Alternative  1 

✓ 

✓ 

Alternative  2 

✓ 

✓ 

Alternative  3 

✓ 

✓ 

Alternative  4 

/ 

✓ 
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Description  of  Cleanup  Options 


This  section  provides  a  description  of  the  four  cleanup  options; 

•  No-action  for  the  vadose  zone 

•  No-action  for  the  groundwater 

•  Soil  vapor  extraction 

•  Groundwater  extraction 


The  capture,  treatment,  and  end-use  components  for  the  SVE  and  ground- 
water  extraction  cleanup  options  are  also  described  in  this  section. 


6.2.1  No-Action-Vadose  Zone 

For  the  vadose  zone,  the  no-action  cleanup  option  would  leave  the  VOC 
contaminants  in  place  where  they  would  be  allowed  to  continue  to 
migrate  and  transform  in  the  subsurface.  Specifically,  the  contaminants 
might  become  entrained  in  infiltrating  rainwater  and  percolate  downward 
to  groundwater  via  liquid  advection  (see  Figure  6-1). 


For  the  vadose  zone,  no  action  would 
leave  VOC  contaminants  in  place, 
where  they  will  continue  to  migrate 
and  transform  in  the  subsurface. 


FIGURE  6-1 

SUBSURFACE  CONDITIONS 
UNDER  THE  NO-ACTION 
ALTERNATIVE 


Preliminary  contaminant  transport  modeling  has  been  performed  using  the 
VLEACH  computer  program  to  estimate  the  incremental  impacts  that 
contaminants  in  the  vadose  zone  today  would  have  on  the  groundwater  in 
the  future,  if  no  action  is  taken.  This  analysis  only  considered  contamina¬ 
tion  in  the  upper  40  feet  of  the  subsurface.  The  soils  between  40  and 
70  feet  depth  are  sanirated  for  most  of  the  year;  therefore,  contamination 
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in  this  zone  wiis  not  included  in  the  analysis.  The  transport  tinalysis 
focused  on  tetrachloroethene  (PCE)  only,  on  the  basis  that  PCE  repre.sents 
greater  than  90  percent  of  the  total  VCXT  mass  in  the  vadose  zone  (refer 
to  Chapter  4).  Appendix  H,  Analysis  of  Vadose  Zone  Contamination 
Impacts,  provides  a  description  of  the  modeling  assumptions,  limitations, 
and  results.  Modeling  results  indicate  contaminants  in  the  upper  40  feet 
of  the  vadose  zone  represent  an  additional  long-term  source  of 
groundwater  contamination,  creating  peak  incremental  groundwater 
concentrations  that  may  range  from  20  to  80  pg/1,  well  in  excess  of 
regulatory  standards.  These  predicted  incremental  concentrations  are  due 
solely  to  contaminant  mass  moving  from  the  vadose  zone  into  the 
groundwater  and  do  not  take  into  account  the  contaminant  mass  that  is 
already  in  the  groundwater. 

6.2.2  No-Action-Groundwater 


For  groundwater,  the  no-action  cleanup  option  would  allow  contaminants 
in  the  saturated  zone  to  remain  in  place  where  they  would  move  laterally 
and  vertically  and  would  eventually  exit  the  site  boundaries,  as  shown  in 
Figure  6-1,  The  contaminants  would  generally  move  in  the  direction  of 
groundwater  flow.  As  described  in  Chapter  3,  groundwater  flow 
directions  vary  greatly  both  spatially  and  temporally  under  the  Davis  Site, 
and  the  contaminants  in  the  groundwater  would  be  expected  to  do  the 
same.  Lateral  groundwater  flow  directions  are  shown  in  Figure  3-4; 
vertical  flow  directions  ;ue  Lii.jtrated  in  Figure  3-3. 


For  the  groundwater,  no  action 
would  leave  VOC  contaminants  in  the 
saturated  zone  where  they  will  move 
laterally  and  vertically  until  leaving 
the  site  boundaries. 


6.2.3  Soil  Vapor  Extraction 


6.2. 3. 1  Capture  Components 


SVE  will  be  used  as  a  mechanism  for  collecting  vadose  zone  contamina¬ 
tion  An  SVE  system  captures  the  VOCs  in  the  vadose  zone  by  applying 
a  vacuum  to  the  subsurface  and  inducing  airflow  through  soils  containing 
VOCs  :uid  collecting  the  contaminated  soil  gas  through  extraction  wells. 


At  the  Davis  Site,  the  estimated  extent  of  VOC  contamination  is  as 
shown  on  Figure  4-2a  of  Chapter  4.  The  target  zone  boundary  shown  on 
Figure  4-2a  is  based  on  soil  gas  data  obtained  down  to  depths  of  approxi¬ 
mately  40  feet  below  ground  surface  (bgs).  The  SVE  system  discussed 
here  only  addresses  contamination  in  the  upper  40  feet  of  the  subsurface. 
The  dual-phase  extraction  innovation  discussed  in  Section  6.4.2  provides 
one  technique  that  could  be  used  to  address  the  40-  to  70-fool  zone, 
which  is  saturated  for  most  of  the  year  (see  Appendix  O,  Evaluation  of 
Dutil-Phase  Extraction). 


Capture  of  the  vadose  zone 
contamination  can  occur  by  applying 
a  vacuum  through  existing 
Monitoring  Wells  CH-I,  CH-2,  CH-4, 
and  CHS. 


SVE  modeling  of  the  site  indicates  that  capture  of  the  vadose  zone 
contamination  can  be  achieved  by  applying  a  vacuum  through  existing 
Soil  Vapor  Monitoring  Wells  (SVMWs)  CH-1,  CH-2,  CH-4,  and  CH-.S, 
iind  in  effect  turning  thc.se  wells  into  extraction  wells.  Air  flow  rates  of 
approximately  30  scfm  tae  required  at  each  well  to  provide  capture. 
Appendix  I,  Antilysis  of  Soil  Vapor  Extraction,  provides  more  dcl.'iils  on 
the  airflow  mtxleling  assumptions  <'uid  results  for  the  Davis  Site. 

Figure  6-2  illustrates  the  extraction  well  layout. 
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FIGURE  6-2 

Not  to  Scale  CAPTURE  OF  VADOSE  ZONE 

CONTAMINATION  THROUGH  SVE 
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As  shown  in  Figure  6-2,  operation  of  the  SVE  system  will  develop  a  flow 
of  clean  air  into  the  contaminated  soil  where  the  air  will  pick  up  contami¬ 
nation  and  exit  through  the  extraction  wells.  The  continued  replacement 

of  contaminated  pore  air  with  uncontaminated  air  leads  to  the  gradual  ^ 

decontamination  of  the  soil.  The  time  required  to  capture  and  remove  the 

contamination  horn  the  vadose  zone  is  estimated  by  assuming  a  required 

number  of  pore  volume  exchanges.  A  pore  volume  is  the  volume  of  all 

the  air  in  the  soil  pore  spaces  within  the  region  of  contamination.  One 

pore  volume  exchange  represents  the  movement  of  one  pore  volume  of 

air  through  the  soil  as  a  result  of  the  SVE  system  flow.  Historically,  the  • 

number  of  pore  volume  exchanges  needed  to  achieve  remediation  of  a  site 
varies  greatly,  ranging  anywhere  from  several  hundred  to  $ev«al  thou¬ 
sand  (personal  communication,  Jim  Hartley,  1993).  For  the  Davis  Site. 

1  ,(XX)  pore  volume  exchanges  were  assumed  necessary  to  achieve 
cleanup.  This  corresponds  to  an  estimated  operating  time  frame  of 

approximately  10  years  for  the  SVE  system,  based  on  modeling  presented  • 

in  Appendix  I. 


» 
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Subsurface  monitoring  is  an  important  aspect  of  any  operating  SVE 
system.  SVMWs  CH-1,  CH-2,  CH-4,  and  CH-5  can  serve  a  dual  purpose 
as  extraction  wells  ;ind  also  as  subsurface  monitoring  points  when  their 
applied  vacuums  are  temporarily  turned  off.  In  addition,  SVMW  CH-3 
and  Piezometers  Pl-S,  P-ID,  P-2M,  P-3S,  P-3D,  P-4S,  P-4D,  P-5S,  and 
P-5D  will  provide  other  monitoring  locations.  Construction  details  for  all 
of  these  wells  and  piezometers,  including  screened  intervals,  are  provided 
in  Table  2-2.  Additional  monitoring  points  may  need  to  be  installed  for 
the  zone  of  seasonal  water  table  fluctuation,  located  40  to  70  feet  bgs. 
Costs  for  installing  additional  wells  are  not  included  in  the  estimates 
presented  in  Section  6.3.7.  A  description  of  air  permeability  testing  at 
CH-1,  CH-4,  and  CH-5  is  included  in  Appendix  B,  Air  Permeability 
Testing. 


Subsurface  monitoring  of  the  SVE  system  will  provide  data  regarding  the 
extent  of  propagation  of  subsurface  vacuums  caused  by  the  network  of 
extraction  wells.  This  information  would  be  used  to  check  if  the  zone  of 
subsurface  airflow  is  occurring  through  the  entire  zone  of  subsurface 
contamination.  Soil  gas  samples  can  also  be  periodically  obtained  from 
the  monitoring  points  to  estimate  the  rate  of  decontamination.  At  a 
minimum,  monitoring  should  be  conducted  quarterly  to  assess  the 
subsurface  airflows  and  rates  of  decontamination. 


6.2.3.2  Treatment  Components 


In  an  SVE  system  contaminated  air,  or  offgas,  is  removed  from  the 
subsurface.  Before  being  discharged  into  the  atmosphere,  this  contami¬ 
nated  airstream  will  require  some  form  of  treatment  to  remove  the  con¬ 
tamination.  Initially,  four  different  offgas  treatment  components  were 
evaluated  as  possible  options  at  the  Davis  Site:  Electron  Beam 
Technology  (EBT),  Catalytic  Oxidation  (CatOx),  Gas  Phase  Carbon 
Adsorption  (GAC),  and  Synthetic  Resin  Adsorption  Systems  (Purus 
PADRE),  as  shown  in  Figure  6-3.  Detailed  descriptions  and  evaluations 
of  these  options  are  presented  in  Appendix  L,  Vadose  Zone  Treatment 
Options. 

The  adsorptive  offgas  treatment  options  (GAC  and  Purus  PADRE)  are  not 
the  best  methods  to  use  at  the  Davis  Site  because  they  do  not  effectively 
remove  methane  or  vinyl  chloride,  both  of  which  have  been  detected  at 
the  Davis  Site.  EBT  is  a  possible  offgas  treatment  component  that  could 
work  at  the  Davis  Site,  but  is  not  yet  proven  at  removing  VOCs  from 
contaminated  airstreams.  More  discussion  on  EBT  and  its  possible 
application  at  the  Davis  Site  is  provided  in  Section  6.4.1. 


CatOx  units  have  demonstrated  success  at  removing  over  99  percent  of 
conuuninanLs  from  waste  streams  similar  to  those  found  at  the  Davis  Site, 
including  vinyl  chloride  tind  methane.  In  addition,  as  described  in 
Appendix  L,  CatOx  is  cost  competitive  with  the  other  offgas  tfealment 
technologies.  For  the.se  re<astms,  the  detailed  evaluation  of  SVE  pre.sented 
in  Section  6.3  will  generally  assume  a  CatOx  offgas  treatment  component. 


Catalytic  oxidation  units  have  demon¬ 
strated  success  at  removing  over  99 
percent  of  contaminants  from  offgas 
waste  streams  similar  to  those  found 
at  the  Davis  Site. 


I 


|(KI|2X7X.R()I) 


6-6 


Sail  Vapor  Traatmoirt  Options: 

1.  Carbon  Msaratlon 

2.  Purus  PaOto  Adsorption 

3.  Catalytic  Oxidation 

4.  Eloctron  Bearn  Tecfenology 


FIGURE  6-3 

SVE  VAPOR  TREATMENT 
SCHEMATIC 


A  centralized  offgas  treatment  facility  is  assumed  for  the  Davis  Site 
Manifold  piping  will  be  used  to  collect  the  offgas  from  the  individual 
extraction  wells  and  route  it  to  a  CatOx  unit  located  >o  the  east  of 
Building  4710. 

6.2.3. 3  End-Vse  Components 

The  simplest  end-use  component  tor  air  is  to  discharge  it  directly  into  the 
atmosphere  af  ter  it  has  been  treated.  Before  being  discharged,  the 
airstreain  would  be  sampled  and  tested  to  make  sure  that  it  complies  with 
air  quality  requirements.  Figure  64  is  a  schematic  of  the  manifold 
piping,  blower  station,  and  offgas  treatment  unit  for  the  SVE  system. 


LEGEND 

•  SOIL  VAPOR  MONITORING  WELL 


SCALE  (Approximate) 


FEET 


FIGURE  6-4 

SVE  SYSTEM  LAYOUT 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 
McClellan  air  force  base 

YOLO  COUNTY.  CALIFORNIA 
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6.2.4 


Groundwater  Extraction 


6.2.4. 1  Capture  Components 

A  groundwater  extraction  system  is  the  option  that  will  be  used  to  capture 
and  remove  contamination  in  the  groundwater.  A  groundwater  extraction 
system  caphires  contaminated  groundwater  by  pumping  the  groundwater 
via  a  network  of  wells  equipped  with  submersible  pumps.  The  wells  are 
designed  to  capture  all  water  within  a  previously  specified  "target 
volume."  Contaminated  water  is  pumped  from  the  target  volume  via 
groundwater  extraction  wells. 

As  described  in  Chapters  3  and  4,  four  water-bearing  alluvial  units  that 
are  contaminated  have  been  identified  beneath  the  Davis  Site.  Starting 
with  the  shallowest  unit  these  have  been  named  the  B,  C,  D,  and 
E  aquifers,  respectively.  The  aquitards  have  in  turn  been  named  the  A-B, 
B-C,  C-D,  and  D-E  aquitards.  The  majority  of  the  groundwater 
contamination  (83  percent)  has  been  found  in  the  upper  B  and  C  aquifers 
and  corresponding  A-B  and  B-C  aquitards  (refer  to  Table  6-2).  To 
provide  decisionmakers  with  an  estimate  of  the  incremental  effort 
necessary  to  go  from  removing  83  percent  of  the  entire  mass  (i.e.,  mass 
from  the  B  and  C  aquifers  and  A-B  and  B-C  aquitards)  versus  removing 
all  of  the  mass,  two  different  target  volumes  are  evaluated: 

•  Target  Volume  1  =  B  and  C  aquifers  and  A-B  and 
B-C  aquitards  only 

•  Target  Volume  2  =  All  four  aquifers  and  aquitards. 


Tabic  6-2 

Contaminant  Masr  :»»1  Extraction  Rate  for  Each  Hydrogeologic  Unit 

Unit 

Eix  traction 
Rate  (gpm) 

Eistimated 

Total  Mass 
(kg4b) 

Cumulative 

Mass  (%) 

A-B  Aquitard 

63.50/139.70 

22.7 

B  Aquifer 

80 

81.73/179.81 

29.2 

B-C  Aquitard 

52.2/115 

18.7 

C  Aquifer 

300 

33.8/74 

12.1 

Subtotal 

380 

231.23/509 

82.7 

C-D  Aquitard 


D  Aquifer 


D-E  Aquitard 


E  Aquifer 


Figures  4- lb  and  4-lc  show  the  extent  of  the  target  volumes  in  plan  view. 
The  proposed  extrttction  well  layout  is  illustrated  in  Figure  6-5.  The 
aquifer  targeted  by  each  well  is  identified  by  the  last  letter  in  the  well 
name  (e.g.,  EW-IB  targets  the  B  aquifer). 
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EXTRACTION 

WELL 

SCREENED 
INTERVAL 
(feet  bgs) 

EW-IB 

50  to  too 

EW-1C 

130  to  140 

EW-2C 

78  to  108 

EW-3C 

93  to  108 

EW-4C 

125  to  140 

EW-1D 

147  to  177 

EW-2D 

146  to  186 

EW-3D 

157  to  177 

EW-1E 

215  to  230 

EW-2E 

215  to  230 

SCALE  (Approximate) 


250  FEET 


FIGURE  6-5 
GROUNDWATER 
EXTRACTION  WELL 
LOCATIONS 


J 


The  A-B  aquitard  is  saturated  only  during  the  winter  months,  and 
p.uiially  or  fully  desaturates  during  the  summer  because  of  a  groundwater 
depression  that  can  be  attributed  to  regional  pumping.  Conuuninants  in 
the  A-B  aquiuird  will  be  captured  by  the  groundwater  exffaction  system 
only  when  the  zone  is  saturated.  An  innovative  option  exists  to  treat  this 
zone  of  seasonal  water  table  fluctuation,  called  dual-phase  extraction. 

This  innovation  would  remove  conuunintmts  from  both  the  water  and  air 
phtLses  from  a  single  well.  Section  6.4.2  ;ind  Appendix  O  provides  more 
detxiil  on  this  process. 

According  to  groundwater  capture  curve  modeling  discussed  in 
Appendix  J,  Groundwater  Modeling  (MicroFem).  four  extraction  wells  are 
needed  to  capture  the  contamination  in  the  B  and  C  aquifers  and  A-B  and 
B-C  itquitards,  with  an  estimated  required  flow  rate  up  to  380  gpm;  nine 
extraction  wells  are  needed  to  capture  contaminated  groundwater  from  all 
of  the  units  with  an  estimated  flow  rate  up  to  820  gpm.  These  extraction 
rates  were  considered  adequate  to  capture  the  target  volumes  under 
summer  groundwater  conditions.  During  winter  conditions,  total  flow 
rates  can  be  reduced  to  one-third  of  the  summer  condition  extraction 


Monitoring  is  a  necessary  component  of  the  groundwater  extraction  sys¬ 
tem.  Water  level  measurements  need  to  be  taken  from  monitoring  wells 
to  assess  if  the  groundwater  within  the  target  volume  is  being  hydrauli¬ 
cally  captured.  Water  quality  data  need  to  be  taken  to  monitor  possible 
changes  in  the  target  volume  geometry  and  tilso  to  characterize  the 
influent  water  stream  that  enters  the  groundwater  treatment  system. 
Recommended  monitoring  locations  and  monitoring  frequency  during 
operation  of  the  groundwater  extraction  system  is  discussed  in 
Appendix  J. 

The  time  of  operation  of  the  groundwater  exuaction  system  is  difficult  to 
estimate  and  depends  on  the  number  of  pore  volumes  needed  to  flush  out 
the  contamination.  At  the  Davis  Site,  KJ  pore  volumes  or  more  may  be 
required  to  clean  up  the  groundwater.  This  could  correspond  to  ground- 
water  extraction  operation  of  30  years  or  longer  at  the  Davis  Site. 
Groundwater  extraction  times  could  be  on  the  order  of  centuries  based  on 
vadose  zone  modeling,  if  the  contamination  that  currently  resides  in  the 
vadose  zone  is  allowed  to  continue  to  migrate  into  the  groundwater. 

6.2.4.2  Treatment  Components 

Contaminated  water  that  is  extracted  from  the  subsurface  requires  treat¬ 
ment  before  it  can  be  reused  in  some  manner.  Three  different  methods 
iu'e  presented  as  possible  options  to  treat  the  groundwater:  advanced 
UV  oxidation,  sorption  onto  activated  carbon  (GAC),  and  air  stripping  as 
illustrated  in  Figure  6-6. 

In  the  case  of  air  .stripping,  the  contaminants  are  removed  from  the  water 
and  entrained  into  an  airstream.  The  resulting  contaminated  airstream 
would  be  conveyed  to  the  SVE  offgas  treatment  component  for  treatment. 
Detailed  descriptions  and  evaluations  of  the  different  water  treatment 
components  are  provided  in  Appendix  M{a),  Groundwater  Treatment 
Options. 


Four  extraction  wells  are  needed  to 
capture  contamination  from  the  B 
and  C  aquifers  and  A-B  and 
B-C  aquUards,  pumping  at  3S0  gpm. 


Nine  extraction  wells  are  needed  to 
capture  contamination  from  all 
aquifers  and  aquitards,  pumping  at 
H20  gpm. 
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The  advanced  LTV  oxidation  system  uses  ultraviolet  (UV)  light  in 
combination  with  an  oxidant,  such  as  hydrogen  peroxide,  to  oxidize  the 
contaminants  in  the  groundwater.  As  described  in  Appendix  M(a),  basic 

advanced  UV  oxidation  is  a  proven  option  that  will  work  for  the  Advanced  UV  oxidation  is  a  proven 

groundwater  contaminants  at  the  Davis  Site.  There  are  also  a  variety  of  option  that  wili  work  for  the  * 

innovative  enhancements  to  the  standard  advanced  UV  oxidation  system,  groundwater  contaminants  at  the 

which  are  designed  to  improve  the  efficiency  of  the  system.  More  Davis  Site. 

discussion  regarding  innovative  advanced  UV  oxidation  techniques  can  be 

found  in  Section  6.4.1. 

GAC  and  air  stripping  are  both  options  that  will  work  for  the  contam-  Advanced  UV  oxidation  system  * 

inated  water  stream  at  the  Davis  Site.  However,  for  the  purposes  of  the  enhancements  are  in  various  stages 

detailed  evaluation,  conventional  advanced  UV  oxidation  is  selected  as  of  development,  and  progress  on  them 
the  representative  treatment  technology.  Selection  of  a  different  treatment  should  be  monitored  periodically. 
system  during  remedial  design  should  not  significantly  alter  the  conclu¬ 
sions  of  the  detailed  evaluation. 

» 


» 
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As  with  the  SVE  option,  the  extracted  gaiundwater  will  be  collected  in 
iniinifold  piping  from  the  well  heads  and  routed  to  a  centralized  advanced 
UV  oxidation  treatment  facility  located  to  the  southeast  of  Building  4710. 

6.2.4.3  End-Use  Components 

A  groundwater  end-use  component  has  been  developed  to  provide  a 
beneficial  use  for  the  tfeated  groundwater  from  the  Davis  Site.  Initially, 
five  end-use  components  were  developed  ;md  evaluated  its  possible 
options;  Wilson  Park  irrigation.  Widlace  Farms  irrigation,  .surface-water 
dischiage  to  Putah  Creek,  onsite  groundwater  reinjection,  and  onsite 
irrigation.  Detailed  de.scriptions  and  evaluations  of  these  components  are 
presented  in  Appendix  M(b).  Groundwater  End-U.se  Components.  The 
end-use  component  evaluation  presented  in  Appendix  M(b)  builds  upon 
the  original  end-use  analysis  presented  in  the  Intermediate  Design  Report 
for  the  Design  Report  for  the  Davis  Site  (CH2M  HILL.  199.^b). 

Using  screening  criteria  including  cost,  management,  timely  construction, 
and  system  reliability,  two  end-use  components  seem  to  best  suit  the 
Davis  Site:  Wallace  Farms  irrigation  and  onsite  groundwater  reinjection. 
The  flow  of  treated  groundwater  may  vary  between  380  gpm  and 
820  gpm  depending  on  the  selected  target  volume  (refer  to  Appendix  J) 
and  time  of  year.  It  is  anticipated  that  Wallace  Farms  would  beneficially 
use  all  of  the  treated  water  between  April  1  and  October  3 1 .  Onsite 
groundwater  reinjection  will  serve  as  the  end-use  system  between 
November  1  and  March  3 1  and  will  also  function  as  the  summeitime 
backup. 

As  a  first  step  to  drilling  reinjection  wells,  exploratory  test  holes  should 
be  drilled  to  define  the  stratigraphy  and  presence  of  coarse-grained  units. 
An  attempt  should  be  made  to  collect  aquifer  soil  samples.  The  .samples 
should  be  analyzed  to  detennine  if  the  soil  matrix  is  compatible  with  the 
injection  water  in  terms  of  geochemistry  and  aquifer  clogging.  Geophysi- 
c:il  logging  of  the  test  hole  and  logging  of  the  test  hole  cuttings  will  give 
;ui  indication  of  the  hydraulic  properties  of  the  formation. 

The  Wallace  Farms  irrigation  and  the  onsite  groundwater  reinjection 
components  would  consist  of  a  common  pump  station  at  a  centralized 
Davis  Si***  treatment  plant,  a  pipeline  to  convey  water  to  the  headworks 
of  the  irrigation  system,  a  pipeline  to  the  reinjection  wells,  three  rein¬ 
jection  wells,  one  backup  reinjection  well,  telemetry,  and  automatic 
viilving  and  controls.  The  groundwater  end-use  component  is  outlined  in 
Figure  6-7. 
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6.3  Detailed  Evaluation  of  Alternatives 

Descriptions  of  the  different  options  that  could  be  used  to  remove 
contamination  from  the  vadose  zone  and  groundwater  at  the  Davis  Site 
were  presented  in  Section  6.2.  These  options  have  been  assembled  into 
four  different  sitewide  alternatives  as  shown  in  Figure  6-8.  SVE  and 
groundwater  extraction  each  consist  of  three  different  components: 
capture,  treatment,  and  end-use.  The  specific  components  assumed  for 
the  SVE  and  groundwater  extraction  systems  are  as  listed: 


6-1,^ 


|l)OI2X7S.RI)[) 


DETAILED  EVALUATION  AND  COMPARISON  OF  ALTERNATIVES 


ASSESSMENT  OF 
POTENTIAL 
ENHANCEMENTS/ 
INNOVATIONS 


FINAL  DECISION 
[Presented  In 
Remedial  Action 
Plan  (RAP)] 


FIGURE  6-8 

ALTERNATIVE  SELECTION 
DECISION  PROCESS 

DAVIS  GLOBAL  COMMUNICATIONS  SITE 

McClellan  air  force  base 

YOLO  COUNTY,  CALIFORNIA 


IRD01218  87 
SAC28722  56  13 


f 


^  Soil  Vapor  Extraction 

i. 

Capture  System:  Network  ot  SVE  wells 

Treatment  System:  Catalytic  Oxidation 

End-Use  System:  Dischtage  to  Atmosphere 

(iroundwater  Extraction 

Capture  System:  Network  of  Extraction  Wells  (four  wells  for 

Tiirget  Volume  1;  nine  wells  for  Target 
Volume  2) 

Treatment  System:  Conventional  Advanced  UV  Oxidation 

End-Use  System:  Irrigation  ;ind  Reinjection 

Other  capture,  treatment,  or  end-use  systems  may  be  used  in  the  remedial 
action,  but  the  above  representative  systems  will  be  adequate  for  the 
purptises  of  the  detailed  evaluation  and  comparison  of  alternatives. 

The  expected  effectiveness  of  the  different  alternatives  and  potential 
shortcomings  of  each  alternative  are  compared  in  the  detailed  evaluation. 

The  last  step  between  the  detailed  evtduation  and  the  selection  of  a  reme¬ 
dial  action  is  the  identification  of  potential  innovations  that  might  be 
effective  at  improving  the  remedial  action.  Currently,  not  enough  data 
exist  to  justify  performing  a  detailed  analysis  of  such  innovations.  How¬ 
ever,  during  the  time  period  between  the  RI/FS  and  remedial  action  selec- 
tion.  data  may  become  available  that  show  a  particular  innovation  to  be  a 
*  significant  improvement  over  the  current  state-of-the-art.  In  this  case,  the 
decisionmakers  may  wish  to  modify  the  preferred  alternative  to  incor¬ 
porate  the  innovation.  Potential  innovations  that  might  be  applicable  at 
the  Davis  Site  are  described  in  Section  6.4. 

The  detailed  evaluation  performed  in  this  section  is  based  on  nine  specific 
evaluation  criteria  cited  in  the  Guidance  for  Conducting  Remedial  Investi¬ 
gations  and  Feasibility  Studies  (U.S.  EPA,  1988).  The  nine  criteria  are 
listed  below: 


Ovendl  Protection  of  Human  Health  and  Environment 

Compliance  with  ARARs 

Long-term  Effectiveness  and  Permanence 

Reduction  of  Toxicity.  Mobility,  and  Volume  through 
Treatment 

Short-term  Effectiveness 

Implementability 

Cost 
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Community  Acceptance 


•  State  Acceptance 

6.3.1  Overall  Protection  of  Human  Health  and  the 
Environment 

Alternative  1  is  the  No-Action  Alternative  for  both  the  vadose  zone  ;ind 
the  groundwater.  It  would  not  protect  humtui  hetdth  or  the  environment. 
Conuimination  that  currently  resides  in  the  vadose  zone  would  be  allowed 
to  continue  to  migrate  downward  into  the  groundwater.  Vadose  zone 
contaminant  transport  modeling  (summarized  in  Appendix  H)  indicates 
that  peak  groundwater  concentrations  of  PCE  tilone  would  be  in  excess  of 
20  to  80  pg/1  for  hundreds  of  years  into  the  future  because  of  the  move¬ 
ment  of  conuunination  from  the  vadose  zone  into  the  groundwater. 

Conuunination  thiit  is  tdready  in  the  groundwater  would  remain  in  place 
under  Alternative  1  ;uid  would  migrate  laterally  away  from  the  site  and 
vertictdly  into  deeper  aquifer  systems,  creating  additional  risks  to  human 
health  ;md  the  environment. 

Alternative  2  is  the  SVE  Alternative  for  the  vadose  zone  with  no  ground- 
water  action.  Alternative  2  effectively  removes  the  long-term  source  of 
groundwater  contamination  by  removing  the  contaminants  in  the  vadose 
zone.  However,  the  contamination  currently  in  the  groundwater  would 
remain,  where  it  could  migrate  laterally  and  vertically  into  aquifer 
systems  that  are  currently  uncontaminated.  While  this  contamination 
currently  poses  no  threat  to  human  health,  it  has  the  potential  to  migrate 
into  downgradient  wells  where  exposure  to  humans  would  be  possible. 

Alternative  3  is  the  Groundwater  Extraction  Alternative  with  no  vadose 
action.  It  would  effectively  contain  the  contamination  as  it  enters  the 
groundwater  system  and  would  prevent  the  contamination  from  spreading. 
By  virtue  of  containing  and  treating  the  groundwater  contamination, 
protection  to  human  health  and  the  environment  would  be  provided  with 
respect  to  groundwater  exposure;  however,  the  contamination  would  still 
remain  in  the  vadose  zone.  VOC  contamination  could  potentially  pose  a 
health  risk  via  emissions  to  the  air  from  the  soil  surface  and  inhalation 
exposure.  However,  a  preliminary  risk  assessment  performed  for  the 
Davis  Site  indicates  that  estimated  risks  associated  with  these  exposure 
pathways  fall  below  levels  generally  of  concern  to  regulatory  agencies 
(CH2M  HILL.  1993a).  Alternative  3  can  therefore  offer  overall 
protection  to  human  health  and  the  environment,  but  would  need  to  be 
operated  over  an  extremely  long  period  of  time  (greater  than  2(X)  years) 
to  adequately  capture  the  contamination  that  migrates  from  the  vadose 
zone  into  the  groundwater. 
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Alternative  4,  SVE  ;ind  Groundwater  Extraction,  is  a  combination  of 
Alternatives  2  ;uid  3.  It  also  provides  overall  protection  to  human  heidth 
and  the  environment.  As  with  Alternative  3.  the  groundwater  would  be 
conttiined  ;ind  treated.  However,  this  ;ilternative  offers  a  significiuit 
advantage  over  Alternative  3  in  that  it  idso  addresses  the  long-term  source 
of  groundwater  conuunination  that  resides  in  the  vadose  zone  ;ind  would 
potentiidly  avoid  ;in  exU'emely  hmg  time  fr;une  of  operation. 

Table  6-3  is  a  summary  of  the  Overall  Protection  of  Hum;m  Health  ;uid 
the  Environment  eviUuation  for  the  four  ;dtematives. 


Table  6-.t 

Overall  Protection  of  Human  Health  and  the  Environment-Summary 

Alternative  1 
No-Action 

Alternative  1 
Soil  Vapor 
Extraction 

Alternative  3 
Oroundwater 
Extraction 

Alternative  4 
Soil  Vapor 
and  Ground- 

water 

Extraction 

Alternative 
Protects  Human 
Health 

✓ 

✓ 

Alte  mauve 
Protects  [he 
Environment 

✓ 

✓ 

6.3.2  Compliance  with  ARARs 

Alternative  1  would  not  comply  with  ARARs.  The  groundwater  would 
continue  to  have  contaminant  concentrations  significantly  above 
background  and  far  in  excess  of  .state  and  federal  maximum  contaminant 
levels  (MCLs).  Furthermore,  because  nothing  would  be  done  to  address 
the  long-term  source  of  contamination  (VOCs  in  the  vadose  zone),  the 
groundwater  concentrations  would  continue  to  exceed  ARARs  for  an 
estimated  period  of  2(X)  years  or  longer. 

.Alternative  2  tdso  does  not  address  groundwater  contamination,  and 
chemical-specific  ARARs  will  not  be  met.  This  alternative  targets  the 
long-term  source  of  contamination  that  resides  in  the  vadose  zone,  but 
does  nothing  to  reduce  concentrations  in  the  groundwater.  Eventually, 
natural  pr(x;e.s.ses  such  as  dilution  or  contaminant  degradation  would 
reduce  groundwater  concentrations  over  time,  possibly  to  a  point  where 
they  might  comply  with  ARARs  in  the  future.  However,  the  time 
required  to  obtain  such  concentration  reductions  is  difficult  to  know  with 
reasonable  certainty  and  may  vary  anywhere  from  a  couple  of  years  to 
several  hundred  years.  The  SVE  system  for  Alternative  2  would  be  built 
and  operated  to  comply  with  action-specific  and  location-specific  ARARs. 


Alternatives  3  tind  4  would  both  be  designed  to  meet  all  ARARs.  Under 
these  ;iltematives,  contamimited  groundwater  would  be  captured  and 
treated  until  chemical-specific  ARARs  are  met.  Both  alternatives  would 
be  built  and  operated  to  comply  with  action-specific  and  loctition-specific 
ARARs. 

Table  6-4  is  a  summary  of  the  compliance  with  ARARs  eviUuation  for  the 
four  alternatives. 


Table  6-4 

Complianre  with  ARARs-Summary 


Alternative  4 

Alternative  2 

Alternative  2 

Soil  Vapor  and 

.Alternative  t 

Soil  Vapor 

Groundwater 

Groundwater 

No-Actlon 

Extraction 

Extraction 

Extraction 

■Allemalive  can 
comply  wiih 
chemical -specific 
ARARs 


Alternative  can 
comply  with 
action-specific 
ARARs 


Alternative  can  Not 

comply  with  Applicable 

location-specific 
ARARs 


6.3.3  Long-Term  Effectiveness  and  Permanence 

Alternative  1  would  not  alter  the  threats  posed  by  the  vadose  zone  or 
groundwater  contamination  at  the  site.  No  controls  would  be  placed  on 
luiy  of  the  contamination.  Some  natural  attenuation  of  the  contamination 
may  occur  through  dispersion,  dilution,  or  degradation,  but  the  ability  to 
accurately  estimate  these  mechanisms  is  weak,  and  it  cannot  be  assumed 
that  this  natural  attenuation  would  occur  before  human  or  environmental 
exposures  occur.  In  short.  Alternative  1  does  not  provide  an  effective  or 
permanent  long-term  solution  to  the  contamination  problem  at  the  Davis 
Site. 

SVE  would  be  used  in  Alternative  2  to  reduce  VOC  levels  in  the  vadose 
zone.  According  to  the  modeling  results  presented  in  Appendix  I.  SVE 
would  be  able  to  reduce  the  in  situ  vadose  zone  contamination  to  levels 
that  would  be  protective  of  human  health  and  the  environment  within 
about  10  years.  This  alternative  does  nothing  to  address  the  groundwater 
concentrations. 

Under  Alternative  2,  treatment  residuals  would  be  generated  from  the 
offgas  u-eatment  system.  If  catalytic  oxidation  is  used  as  the  offgas 
treatment  method  low  levels  of  hydrochloric  acid  (HCl)  would  be  pro¬ 
duced  in  addition  to  water  and  carbon  dioxide.  Treatment  evaluations 
presented  in  Appendix  L  suggest  that  the  HCL  emissions  would  be 
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approximately  0.5  pound/hour  which  should  not  pose  a  threat  to  human 
he;tlth  or  the  environment. 

Both  the  residutd  vadose  zone  VOC  contamination  and  treatment  residuals 
would  be  monitored  under  Alternative  2.  SVMWs  CH-1,  CH-2.  CH-3. 
CH-4.  ;md  CH-5  would  provide  in  situ  vapor  monitoring  points  to  con¬ 
firm  that  at  the  end  of  remeditd  action  VOC  levels  have  been  reduced 
below  cletmup  suuidards.  Monitoring  of  the  offgas  would  :d.so  be  con¬ 
ducted  to  m:ike  sure  that  HCL  levels  ttfe  nonthreatening  :ind  that  VOCs 
;ire  not  esctiping  untreated. 

Groundwater  extraction  would  be  used  under  Alternative  3  to  ctipture  :ind 
treat  the  contaminated  groundwater.  Under  this  idtemative.  contaminants 
currently  in  the  vadose  zone  would  be  tillowed  to  migrate  into  the 
groundwater  over  a  time  frame  on  the  order  of  200  years,  meaning  that 
the  groundwater  extraction  system  would  need  to  be  operated  over  an 
extreme  time  span.  Residual  VOC  contamination  could  potentially 
remain  in  the  groundwater  for  centuries  to  come.  It  is  therefore  impera¬ 
tive  that  monitoring  be  adequate  to  make  sure  that  the  groundwater 
contamination  is  being  captured.  As  described  in  Appendix  J,  water 
levels  ;md  water  quality  data  are  required  during  operation  of  the 
extraction  system  to  check  for  adequate  hydraulic  containment  and  to 
check  on  improvements  in  water  quality  over  time.  The  groundwater 
extraction  prrxedures  outlined  in  Appendix  J  would  provide  adequate 
long-term  monitoring  of  the  groundwater  contamination. 

Treatment  of  the  groundwater  under  Alternative  3  will  produce  no  appre¬ 
ciable  treatment  residuals. 

Alternative  4  includes  both  soil  vapor  and  groundwater  extraction.  The  in 
situ  vadose  zone  residuals  described  for  Alternative  2  and  the  ground- 
water  residutils  described  for  Alternative  3  will  also  exist  for  this  alterna¬ 
tive.  However,  because  the  majority  of  the  vadose  zone  contamination 
would  not  be  iillowed  to  become  a  long-term  source  of  groundwater  con- 
tiunination,  the  groundwater  residuals  would  probably  exist  on  the  order 
of  30  years  rather  than  200.  A  combination  of  the  in  situ  monitoring 
methods  from  Alternatives  2  and  3  would  be  used  for  Alternative  4. 

The  treatment  system  for  Alternative  4  will  consist  of  an  catalytic  oxida¬ 
tion  unit  for  the  offgas,  and  a  conventional  advanced  UV  oxidation  unit 
for  the  groundwater.  The  treatment  residuals  would  be  identical  to  those 
generated  from  Alternative  2  and  would  not  be  threatening  to  human 
health.  Table  6-5  is  a  summary  of  the  Long-Term  Effectiveness  and 
Permanence  evaluation  for  the  four  alternatives. 


Table  6-5 

Long-Term  Effectiveness  and  Permanence-Summary 

Alternative  1 
No-Action 

.\lternativc  2 
Soil  Vapor 
Extraction 

Alternative  3 
Groundwater 
Extraction 

Alternative  4 

Soil  Vapor  and 

Groundwater 

Extraction 

Treatmeni 

Residuals  will  be 
Rendered  Harmless 

✓ 

✓ 

✓ 

Lt.>ng-Tenn 

Controls  are 
Adequate  and 
Reliable  to  Monitor 
Residual  Contami¬ 
nation  in  the 

subsurface 

✓ 

✓ 

d* 

In  Situ  Residual 
Contamination  will 
he  Reduced  to 

Levels  Protective 
of  Human  Health 

and  the 

Environment 

✓ 

✓ 

Notes:  (Iroundwater  monitoring  i.x  assumed  to  continue  if  Alternative  2 

IS  selected. 

Loog-tetm  groundwater  monitoring  may  be  required  for  excessive  timeframe  under 
Alternative  3  (200  years  or  longer). 

» 


6.3.4  Reduction  of  Toxicity,  Mobility,  and  Volume 
through  Treatment 

This  criierion  addresses  the  degree  to  which  contamination  is  reduced  in 

toxicity,  mobility,  or  volume  through  treatment.  The  alternatives  are  • 

evaluated  against  this  criterion  for  two  separate  cases.  First,  are  there 

reductions  with  respect  to  the  contaminant  that  actually  remain  in  the 

subsurface?  Second,  are  there  reductions  with  respect  to  the  contaminants 

that  have  been  removed  from  the  ground  and  are  now  present  in  some 

form  at  the  ground  surface? 

• 

Alternative  1  invokes  no  treatment  whatsoever  and  therefore  does  not 
reduce  contaminant  toxicity,  mobility,  or  volume  through  treatment. 

The  SVE  and  treatment  system  proposed  for  Alternative  2  would  impact 
contaminant  toxicity,  mobility,  and  volume.  The  subsurface  vadose  zone 

contamination  would  have  its  mobility  controlled  by  the  subsurface  air-  • 

flow  which  would  force  the  contamination  to  move  towards  the  extraction 

wells:  the  toxicity,  volume,  and  mass  of  vadose  zone  contamination 

would  also  be  reduced  because  the  SVE  system  physically  removes  the 

contaminants  from  the  ground.  Aboveground,  the  contaminants  would 


» 
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✓ 

i* 


have  their  toxicity,  mobility,  iind  volume  virtually  eliminated  by  the 
thennally  destructive  nature  of  a  CatOx  oxidtition  offgas  treatment 
system.  The  toxicity,  mobility.  ;ind  volume  of  contiuninants  in  the 
groundwater  would  not  be  impacted  by  Alternative  2. 

Extraction  of  groundwater  only  (Alternative  .^)  will  physically  capture  the 
contamination  in  the  groundwater  target  volume,  reducing  the  subsurface 
toxicity,  mobility.  ;md  volume  Viiihin  the  selected  target  volume.  If 
T;u-get  Volume  1  (B  ;md  C  aquifers,  A-B  and  B-C  aquiuirds  only)  is 
selected,  the  low  levels  of  contamination  that  currendy  reside  deeper  in 
the  subsurface  (C-D  aquiUu'd  ;ind  deeper)  will  not  be  impacted  by  the 
action  ;ind  will  not  experience  reductions  in  toxicity,  mobility,  or  volume, 
because  they  are  not  included  in  the  target  volume.  If  Target  Volume  2 
(all  aquifers)  is  .selected,  nearly  till  of  the  contaminants  will  have 
decreases  in  toxicity,  mobility,  and  volume.  Aboveground,  the  toxicity, 
mobility,  and  volume  will  be  virtually  eliminated  after  the  contaminated 
water  passes  through  an  advanced  UV  oxidation  unit,  which  will  destroy 
virtually  all  of  the  contaminants.  Alternative  3  does  nothing  to  address 
the  toxicity,  mobility,  or  volume  of  conuuninants  above  the  water  table. 

Alternative  4  addresses  toxicity,  mobility.  ;md  volume  of  contamintints 
above  the  water  table  as  described  for  Alternative  2  tind  below  the  water 
table  :is  described  for  Alternative  3.  It  is  the  most  thorough  alternative 
with  respect  to  reducing  toxicity,  mobility,  ;ind  volume. 

Table  6-6  is  a  summary  of  the  Reduction  of  Toxicity.  Mobility,  and 
Volume  through  Treatment  evaluation  for  the  four  alternatives. 

6.3.5  Short-Term  Effectiveness 

Since  no  remedial  action  occurs  under  Alternative  1  no  short-term  effects 
will  occur  that  differ  from  the  current  condition. 

Implementation  of  an  SVE  system  (Alternative  2)  will  entail  minimal 
construction-related  risks  since  the  extraction  wells  are  already  installed 
and  a  new  drilling  program  is  not  required.  There  will  still  be  some  risks 
associated  with  the  aboveground  construction,  but  there  is  nothing 
anomalous  with  these  risks.  It  is  estimated  that  the  SVE  system  will  be 
able  to  remove  the  vadose  zone  contamination  within  10  years.  However, 
this  alternative  will  never  achieve  the  remedial  response  objectives  at  the 
site,  because  it  fails  to  address  the  groundwater  contamination. 


t 
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Table  6-6 

Reduction  oC  Toxicity,  Mobility,  or  Volume  Through  Treatment -Summary 


Alternative  1 
Nn-Action 

Alternative  2 
Soil  Vapor 
Extraction 

Alternative  3 

Groundwater 

Extraction 

Alternative  4 

Soil  Vapor  and 

Groundwater 

Extraction 

Toxiciiy  of  Coniam- 
inants  Aboveground 

IS  Reduced 

✓ 

✓ 

✓ 

Toxicuy  of  Contam¬ 
inants  m  Vadose 

Zone  IS  Reduced 

✓ 

✓ 

Toxicity  of  Contam¬ 
inants  tn  (Iroundwater 
IS  Reduced 

✓ 

✓ 

Mobility  of  Contam¬ 
inants  Aboveground 

IS  Reduced 

✓ 

✓ 

✓ 

Mobility  of  Contam¬ 
inants  in  Vadose 

Zone  IS  Reduced 

/ 

✓ 

Mobility  of  Contam¬ 
inants  in  Groundwater 
IS  Reduced 

✓ 

✓ 

Volume  of  Contam¬ 
inants  Aboveground 

IS  Reduced 

/ 

/ 

✓ 

Volume  of  Contam¬ 
inants  in  Vadose 

Zone  IS  Reduced 

/ 

✓ 

Volume  of  Contam¬ 
inants  m  Groundwater 
IS  Reduced 

✓ 

✓ 

Alternative  3  (groundwater  extraction)  may  include  some  construction- 
related  risks  depending  on  the  selected  target  volume.  If  Target 
Volume  1  is  selected,  no  additional  drilling  will  be  required  because  the 
extraction  wells  are  already  installed,  and  there  will  only  be  construction 
risks  associated  with  the  aboveground  construction.  Five  new  extraction 
wells  will  be  required  for  Target  Volume  2  to  capture  contamination  in 
the  deeper  alluvial  units.  There  would  therefore  be  drilling  related  con¬ 
struction  risks.  However,  with  appropriate  and  readily  available 
monitoring  and  protective  equipment  these  risks  should  not  be  iuiy  greater 
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than  those  iLssociated  with  drilling  prognuns  at  unconttuninaied  sites.  It  is 
estimated  that  this  iiltemative  will  take  an  extreme  period  of  lime  to 
achieve  remedhd  response  objectives  (200  years  or  longer)  becau.se 
infiltration  of  contaminants  into  the  groundwater  from  the  vado.se  zone 
will  be  allowed  to  continue  until  the  conuuninant  mass  from  the  vadose 
zone  has  been  depleted. 

The  construction-related  risk  .scenarios  described  for  both  Alternatives  2 
and  apply  to  Alternative  4,  which  is  basictdly  :i  combination  of 
Alternatives  2  and  ?i.  It  estimated  that  remedial  response  objectives  under 
this  idtemative  could  be  achieved  within  a  .lO-yeiu'  time  fnune. 

All  of  the  above  alternatives  (with  the  exception  of  Alternative  1)  invoke 
some  form  of  ;ur  or  water  treatment  (which  for  the  purposes  of  the 
detailed  analysis  is  assumed  to  be  catalytic  oxidation  for  air  and  advanced 
UV  oxidation  for  water).  In  addition,  water  discharges  will  comply  with 
ARARs  before  being  routed  to  the  appropriate  end  use.  There  is  a 
possibility  that  an  offgas  treatment  system  could  fail,  resulting  in  an 
untreated  discharge  of  soil  gas  to  the  atmosphere.  If  this  occurred,  till 
remedial  systems  would  be  shut  down  immediately.  Similarly,  there  is  a 
possibility  that  ;i  water  treaunent  system  could  ftiil.  allowing  an  untreated 
discharge  of  contaminated  water.  For  this  case,  the  groundwater 
extraction  sy  .em  would  shut  down. 

Table  6-7  is  a  summary  of  the  Short-Term  Effectiveness  evaluation  for 
the  alternatives. 

6.3.6  Implementability 

All  of  the  alternatives  are  fully  implementable  at  the  Davis  Site.  The 
technologies  are  well  proven,  and  no  impediments  to  implementing  the 
actions  have  been  identified.  SVE  has  been  selected  by  the 
Environmental  Protection  Agency  (EPA)  to  clean  up  VOCs  from  the 
vadose  zone  at  83  CERCLA  sites  nationwide.  ;uid  groundwater  extraction 
is  a  commonly  used  method  to  capture  and  remove  contamination  from 
the  groundwater. 

The  equipment  and  specialists  needed  to  implement  the  alternatives  are 
expected  to  be  readily  available.  The  Davis  Site  is  located  near  the 
greater  Sacramento  metropolitan  area,  which  should  be  able  to  provide 
most  of  the  resources  needed. 
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Table  6-7 

Short-Term  Errectivenes.s-Summar.v 


Alternative  1 

No- Action 

Alternative  2 

Soil  Vapor 
Extraction 

Alternative  3 
Groundwater 
Extraction 

Alternative  4 

Soil  Vapor  and 
(jroundwater 

Extraction 

Communuy  will  be  Pruecied 
dunng  Implenieniation  of 
Remedial  Aclion 

✓ 

✓ 

✓ 

Woricers  will  be  Protected 
during  Implementation  of 
Remedial  Action 

✓ 

✓ 

✓ 

Alternative  can  Comply  with 

Air  Quality  Standards 

✓ 

✓ 

✓ 

Environmental  Impacts  dunng 
Construction  will  be  in 
Compliance  with  Regulations 

Not  Applicable 

✓ 

✓ 

✓ 

Remedial  Response  Objectives 
Achievable  within  an 

Acceptable  Timeframe 

✓ 

Table  6-8  summarizes  the  implementability  evaluation  for  the  four 
tiltematives. 


Table  6-8 

Implementability -Summary 

Alternative  1 
No-Action 

Alternative  2 

Soil  Vapor 
Extraction 

Alternative  3 
Groundwater 
Extraction 

Alternative  4 

Soil  Vapor  and 
Groundwater 

Extraction 

Technology  can  be  Con¬ 
structed  at  the  Davis  Site 

Not  Applicable 

✓ 

✓ 

✓ 

Technology  is  Well  Proven 
and  Reliable 

Not  Applicable 

✓ 

✓ 

✓ 

Technology  can  be  Adequately 
Monitored 

Not  AppUcable 

✓ 

✓ 

✓ 

Adequate  Treatment,  Storage 
Capacity,  and  Disposal 

Services  are  Available 

Not  Applicable 

✓ 

✓ 

✓ 

Necessary  Equipment  and 
Specialists  are  Available 

Not  Applicable 

✓ 

✓ 

✓ 
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6.3.7 


Cost 


Feiisihility  study  cost  estimates  ttfe  projected  on  the  biLsis  of  the  total 
costs  of  the  remediid  alternative  for  the  duration  of  the  alternative. 

L'suidly  feasibility  level  cost  estimates  have  an  order-of-magnitude  level 
of  accuracy  of  approximately  +50  to  -50  percent.  However,  in  this  RI/FS 
there  is  a  signific;mt  hrxly  of  data  to  support  the  co.st  estimate.  For 
exiunple.  four  groundwater  extraction  wells  have  already  been  installed  at 
the  site  at  a  known  cost.  The  cost  estimate  for  additional  well 
insudlations  at  the  Davis  Site  will  he  httsed  in  Itu'ge  part  on  these  actual 
costs  and  will  be  more  accurate  than  +50  to  -.50  percent.  Other  aspects  of 
the  cost  estimate  will  not  have  the  benefit  of  such  recent  site-specific 
d;tti;  for  extunple.  the  cost  of  installing  the  network  of  groundwater 
pipelines  needed  to  route  water  to  and  from  the  treatment  facility  may 
vary  significimtly.  depending  on  the  number  and  size  of  obstructions 
encountered  (e.g..  underground  utilities  or  large  concrete  rubble)  when 
excavating  the  pipeline  ditches.  For  the  case  of  pipelines,  the  cost  esti¬ 
mate  may  at  best  be  considered  +50  to  -30  percent.  Overall  it  is  antici¬ 
pated  that  the  cost  estimates  presented  herein  are  slightly  more  accurate 
than  +50  to  -30  percent  and  are  probably  more  along  the  lines  of  +30  to 
-5(1  percent.  This  +30  to  -30  percent  cost  estimate  level  of  accuracy 
should  be  used  when  planning  for  funds  for  the  selected  remedial  action. 

In  addition  to  standard  capital  and  operation  and  maintenance  costs,  the 
cost  estimate  iUso  includes  a  variety  of  contingencies  and  other  fees.  A 
mnirat  tor's  operational  contingency  of  5  percent  of  equipment  capital 
cost  IS  included  to  cover  equipment,  materials,  and  labor  needed  for 
construction  items  that  cannot  be  detailed  at  this  level  of  estimating.  A 
hid  continfiency  of  10  percent  of  construction  cost  is  included  to  cover 
unknown  costs  associated  with  constructing  the  alternative,  such  as 
weather  conditions,  strikes  by  material  suppliers,  geotechnical  unknowns. 
;ind  unfavorable  market  conditions.  Permitting  and  legal  fees  are 
estimated  at  2  percent  of  total  construction  cost  to  obtain  licenses  and 
permits  needed  to  consmict  and  implement  the  selected  alternative. 
Services  during  construction  including  construction  management  and 
engineering  services  are  estimated  at  8.5  percent  of  the  total  construction 
cost.  Engineering  design  costs  including  design  and  process  develop¬ 
ment.  preparation  of  specifications  and  bid  documents,  drafting,  and 
monitoring  and  testing  are  estimated  at  1 5  percent  of  the  total 
implementation  cost. 

Table  6-9  summarizes  the  cost  estimates  for  each  alternative.  A  brief 
synopsis  of  cost  estimate  assumptions  for  each  line  item  are  provided  in 
the  table.  Capital  and  O&M  costs  shown  in  Table  6-9  are  based  on  1993 
fiscal  year  dollars.  However,  none  of  the  alternatives  are  expected  to 
begin  construction  until  1995.  Appended  to  the  end  of  Table  6-9  is  an 
estimate  of  capital  and  O&M  costs  in  1995  dollars  assuming  costs 
increase  at  a  rate  of  5  percent  per  year.  Refer  to  Appendix  Mta)  for 
more  cost  detail  on  groundwater  wells,  pumps,  piping  and  end  use; 
Appendix  M(b)  provides  cost  details  foi  the  groundwater  treatment 
system:  Appendix  1  provides  the  cost  details  for  the  SVE  extraction 
system  installation  and  operation;  and  Appendix  L  should  be  referenced 
for  cost  details  on  the  offgas  treatment  system. 
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The  costs  may  be  expressed  in  terms  of  present  worth  or  on  tm 
iinnualized  basis.  Figures  6-9  and  6-10  compare  the  costs  of  alternatives 
in  graphical  fo.m.  Alternative  1  is  not  shown  because  it  incurs  no  cost  at 
all.  As  expected  Alternative  4  is  the  most  expensive  option,  but  is  also 
the  most  protective  because  it  is  the  only  alternative  that  targets  contami¬ 
nation  that  resides  in  the  vadose  zone  and  the  groundwater. 

6.3.8  Cummunity  Acceptance 

Alternative  1  would  probably  not  be  accepted  by  the  community. 
Community  members  are  expected  to  prefer  alternatives  that  remove 
contaminiinLs  from  their  locale.  The  acceptance  by  the  community  of  the 
other  alternatives  is  difficult  to  assess  at  this  time,  but  will  be  made  clear 
d  aring  the  public  comment  period,  during  which  time  community  mem¬ 
bers  will  be  invited  to  comment  on  this  report.  Community  acceptance 
will  be  more  fully  addressed  in  the  remedial  action  plan  (RAP)  for  the 
Lavis  Site. 

6.3.9  State  Acceptance 

Where  possible,  the  state  is  expected  to  prefer  alternatives  that  reduce 
subsurface  contamination  to  levels  at  or  below  background.  State  accep¬ 
tance  will  be  more  fully  addressed  in  the  RAP.  after  public  comment  has 
been  received  on  this  RI/FS  report. 

6.4  Potential  Innovations  for  the 

Alternatives 

The  technologies  proposed  in  this  report  for  the  various  alternatives  being 
considered  for  thf  Davis  Site  are  generally  well  proven  and  tested  so  that 
there  is  reasonable  assurance  that,  if  implemented  properly,  they  will 
work.  There  is  another  class  of  "innovative  technologies"  that  could  in 
the  future  be  used  as  part  of  the  Davis  remedial  action.  Today,  these 
innovations  are  not  proven  enough  to  justify  perform'.".g  a  detailed  evalua¬ 
tion  of  them.  However,  treatability  data  may  become  available  in  the 
near  future  that  indicates  that  they  should  in  fact  be  used  at  the  Davis 
Site.  This  section  provides  brief  descriptions  of  the  current  state-of-the- 
art  of  innovations  that  show  particular  promise  for  potential  implementa¬ 
tion  at  the  Davis  Site,  namely  Electron  Beam  Technoloxy  to  treat  contam¬ 
inated  offgas,  various  Emerging  Advanced  UV  Oxidation  Enhancements  to 
treat  contaminated  water  streams,  and  Dual-Phase  Extraction  to  improve 
the  capture  and  removal  of  subsurface  contamination.  Table  6-10  sum¬ 
marizes  major  studies  currently  being  conducted  for  each  of  these  tech¬ 
nologies.  The  results  of  these  and  other  studies  like  them  should  be 
monitored  to  help  evaluate  the  benefits  that  a  given  enhancement  may 
have  for  the  Davis  Site  remediation. 
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Table  6-10 

Inruimalion  .Sources  for  Various  Remediation  Knhanrements 

Innovation 

Media  .MTerled 

Major  Referenceis) 

l-lc-cirtHi 

Technology 

Ci>ntaininated  airsireiun 

extracted  front  the  suhsurtace 

/.\PH  Cimipany  (Contact; 

Dr.  Peter  Schonberg. 

Hiihancemenls  to 
Conventional 
•Advanced  I  V 

( )xidation 

Contaminated  water  stream 

extracted  from  suhsurtace 

Miiny  references,  see  for 
example.  Table  6-11 

Dual-Phase  Hxtracuon 

Contamination  that  resides  in 

a  zone  of  seasonal  water  table 

Huctuation 

Xerox  C*o.  case  study.  Build¬ 
ing  2(19;  Webster  New  York. 
Hnhanced  (iroundv.aier 
Extraction  Llilizing  Innova¬ 
tive  Technology;  “HIVAC” 
WtHtdward-Clyde  Consultants. 
Presented  at  the  November 

I99()  Hazardous  Matenals 
Management  Conference. 

6.4.1  Treatment  Innuvatiuns 

Potential  treatment  innovjitions  exist  for  both  contaminated  air  and  con¬ 
taminated  water  streams.  For  contaminated  air.  electron  beam  technology 
(EBT)  is  a  promising  innovation.  EBT  uses  a  high  energy  beam  of 
electrons  through  which  the  contaminated  airstream  must  pass.  The 
electrons  release  concentrated  pockets  of  energy  into  the  gas  stream, 
creating  free  radicals  such  as  hydroxyl  and  hydrogen  radicals.  These 
radicals  initiate  a  series  of  chain  reactions  that  oxidize  the  contaminants. 
The  oxidation  reactions  in  an  EBT  system  occur  at  near  ambient  tempera¬ 
ture  ;uid  pressure.  Bench  scale  studies  of  EBT  indicate  a  wide  range  of 
destruction  removal  efficiencies,  ranging  anywhere  from  60  percent  to 
W  percent.  In  addition,  testing  to  date  indicates  that  EBT  does  not 
effectively  remove  1,1.1-trichloroethane  (TCA)  or  Freon  113.  Tests  show 
that  by  adding  oxidants  to  the  EBT  system  destruction  removal 
efficiencies  can  be  improved.  However,  the  magnitude  of  improvement 
that  these  oxidants  have  on  the  EBT  system  performance  has  not  yet  been 
fully  quantified. 

For  contaminated  water,  there  lu^e  a  variety  of  innovative  enhancements  to 
the  conventional  advanced  UV  oxidation  system.  These  enhancements 
itfe  in  various  stages  of  development  and  progress  on  them  should  be 
monitored  at  least  quarterly  so  that  the  decisionmakers  can  have  early 
access  to  a  better  technology  as  soon  as  it  hits  demonstrated  effectiveness. 
Table  6-11  summarizes  stime  of  the  main  emerging  technologies  ;ha;  will 
potentially  enhance  the  performance  of  an  advanced  UV  oxidation  treat¬ 
ment  system. 


Emerging  Technology  Name  Technology  Description  Stage  of  Development  Vendor  Phone  Number 
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6.4.2 


The  Dual-Phase  Extraction  Innovation 


» 


Dual-phase  extraction  is  a  method  by  which  contaminated  air  and  water  is 

removed  from  the  subsurface  from  the  same  well.  At  the  Davis  Site.  I 

dual-phase  extraction  could  be  a  viable  technique  to  remove  contamina¬ 
tion  from  the  zone  of  seasonal  water  table  fluctuation  located  at  a  depth 
range  of  approximately  40  to  70  feet  bgs. 


The  possible  applicability  of  dual-phase  extraction  is  based  on  subsurface 
characteristics  that  may  make  conventional  groundwater  extraction  or 
SVE  difficult  to  implement.  The  soils  in  this  depth  interval  are  of  a  fine¬ 
grained  nature  and  likely  have  low  hydraulic  conductivities,  making 
removal  via  groundwater  pumping  difficult  during  the  times  that  the  zone 
is  saturated.  In  addition,  the  seasonal  wetting  of  the  fine-grained  .soil  is 
likely  to  maintain  high  levels  of  water  saturation  that  will  create  low  air 
permeabilities  that  may  make  standard  SVE  operation  ineffective. 

Dual-phase  extraction  provides  a  possible  method  of  removing  contami¬ 
nated  groundwater  from  the  zone  of  seasonal  water  table  fluctuation  and 
also  improving  the  airflow  characteristics  of  the  soil  so  that  contaminated 
air  can  be  more  effectively  withdrawn  from  the  zone.  Appendix  O. 
Evaluation  of  Dual-Phase  Extraction,  provides  a  detailed  description  and 
evaluation  of  dual-phase  extraction.  The  system  evaluated  for  the  Davis 
Site  will  consist  of  a  downhole  submersible  pump  coupled  with  an  above¬ 
ground  high  vacuum  liquid  ring  bipwer,  as  illustrated  in  Figure  6-11. 


The  possible  applicability  of  dual¬ 
phase  extraction  for  the  zone  of 
seasonal  water  table  fluctuation  is 
based  on  subsurface  characteristics 
that  may  make  conventional 
groundwater  extraction  or  SVE 
difficult. 


The  theory  of  dual-phase  operation  is  that  the  submersible  pump  would 
be  u.sed  to  desaturate  the  zone  and  to  keep  the  water  table  depressed. 
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The  high  viicuum  blower  would  be  used  to  apply  a  vacuum,  which  would 
dry  out  a  /.one  of  soil  neitf  the  well  until  the  water  content  is  reduced 
below  the  soil's  shrinkage  limit.  Shrinkage  cracks  would  then  form 
allowing  for  improved  withdrawal  of  contaminated  ;iir.  Refer  to 
.Appendix  O.  Figure  0-2. 

Before  this  system  can  be  considered  for  development  at  the  Davis  Site 
two  things  must  happen  First,  additional  diiui  need  to  be  collected  to 
better  characterize  the  soil  gas  mass  and  distribution  within  the  zone  of 
seasomd  water  table  fluctuation.  This  will  help  optimize  the  number  and 
locations  of  the  extraction  wells.  Appendix  O  provides  recommended 
siunpling  legations.  Second,  pilot  testing  should  he  conducted  to  evtUuate 
the  degree  to  which  ;m  applied  high  vacuum  can  achieve  improved 
iiirtlow  through  the  targeted  zone.  Pilot  testing  should  be  done  at 
different  kx;ations  to  provide  an  estimate  of  the  lateral  variability  in  soil 
properties.  Appendix  O  provides  details  on  the  proposed  pilot  testing  for 
duiil-phase  extraction.  If  pilot  testing  shows  dual-phase  extraction  to  be 
;ui  effective  technique  for  removing  contamination,  the  system  should  be 
given  serious  consideration  for  implementation  at  the  Davis  Site. 

6.5  Contingency  Planning  to  Address 
Uncertainty 

The  four  alternatives  that  have  been  developed  in  this  chapter  were 
evaluated  and  compared  using  data  from  RI  activities  that  have  occurred 
at  the  Davis  Site.  There  are  areas  of  uncertainty  regarding  the  nature  and 
extent  of  conuimination.  and  decisions  on  remedial  action  will  need  to  be 
made  in  the  face  of  these  uncertainties. 

Major  sources  of  uncertainty  for  the  Davis  Site  include  aquifer  properties, 
groundwater  flow  chiiracteristics,  unit  target  volumes,  and  the  mass  of 
contamination  in  the  subsurface.  Each  of  these  uncertainties  has  the 
potential  to  incretise  the  scope  and  the  cost  of  the  alternatives  evaluated  in 
this  FS.  An  assessment  of  how  the  alternatives  could  be  impacted  by 
these  uncertainties  is  provided  in  this  section. 

6.5.1  Impact  of  Uncertainties  on  the  Remedial  Action 
Alternatives 

6.5.1.]  A  quifer  Properties 

Aquifer  properties  :ire  one  source  of  uncertainty  for  the  Davis  Site. 
Transmissivity  of  the  aquifers,  storativity  of  the  tiquifers,  and  vertical 
permeability  of  the  aquitards  have  the  largest  impact  on  the  alternatives. 

Transmissivity  was  estimated  using  data  from  .I  aquifer  te.sts  and  11  short 
duration  development  tests.  Ranges  of  transmissivity  used  for  this  report 
are  presented  in  Table  6-12.  If  the  transmissivities  are  lower  than  the 
Hinges  cited  in  the  table,  additional  extraction  wells  may  be  needed  to 
attain  groundwater  capture.  This  is  because  the  areal  extent  of  capture 
from  a  singl'’  well  decreases  with  decreasing  transmissivity  (Freeze  & 
Cherry.  1979). 
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R;inges  ot  storativity  used  in  this  report  ;ire  also  presented  in  Table  6-12. 
These  values  were  ;dso  estimated  from  the  aquifer  :ind  1 1  short 
duration  development  tests.  If  storativity  v;dues  fitll  below  the  nmges 
cited,  additionid  extraction  wells  may  be  needed,  or  cletmup  times  may  be 
longer  than  expected,  Storativity  is  the  volume  of  water  that  an  aquifer 
releases  from  storage  per  unit  surface  tirea  of  tiquifer  per  unit  decline  in 
hydraulic  head.  At  steady  state,  drawdown  ceases,  ;md  the  storativity 
becomes  relatively  unimporUint.  However,  groundwiiter  tmxleling  for  the 
Davis  site  indicates  that  steady  state  will  not  he  achieved  during 
groundwater  extraction  for  a  long  time  period  (>10  yeitfs).  Therefore, 
storativity  is  a  signiticiint  aquifer  property  that  will  imptict  groundwater 
remedial  actions. 

Rcpresenuitive  data  on  the  verticiil  permeability  of  the  aquitards  were  not 
t)buuned  for  this  report.  Laboratory  permeability  testing  on  aquitard 
material  was  performed  by  ITC  (1991),  but  these  values  are  thought  to  be 
too  low  and  do  not  take  into  account  the  macrostructure  of  the  aquitards. 
V;dues  of  aquitard  vertical  permeability  that  were  used  to  support  the 
imalysis  of  alternatives  are  summarized  in  Table  6-12.  If  the  actual 
vertic.'d  permeabilities  ;ire  lower  than  those  cited,  additional  extraction 
time  may  be  needed  to  remove  contamination  from  the  aquitards. 

6.5.1. 2  Groundwater  Flow  Characteristics 

The  magnitude  and  direction  of  groundwater  flow  is  another  source  of 
unceruiinty  at  the  Davis  Site.  Horizontal  and  vertical  flow  gradients  used 
in  this  report  were  primiuily  based  on  last  year’s  data  (July  1992  through 
July  1993).  Groundwater  flows  inevitably  vary  from  year  to  year,  and 
conditions  that  deviate  slightly  from  those  used  in  this  report  should  not 
be  surprising.  If  horizontal  or  vertical  gradient  are  steeper  than  those 
used  in  the  groundwater  modeling,  additional  extraction  wells  may  be 
needed  to  capture  the  target  area. 

6.5. 1. 3  Unit  Target  Volume  (VTV) 

UTVs  were  defined  previously  in  Chapter  4  as  the  volume  of  air  or  water 
within  a  specified  three-dimensional  target  zone.  The  UTVs  for  the  B 
;uid  C  aquifers  are  based  on  data  from  a  large  number  of  monitoring 
wells  and  will  likely  not  change  significantly.  The  UTVs  for  the  D  and 
E  aquifers  are  less  certain,  but  for  contingency  planning  purposes  can 
probably  be  assumed  to  be  fixed. 

The  major  uncertainty  with  respect  to  UTVs  comes  not  from  our  under¬ 
standing  of  the  subsurface  conditions;  rather,  the  major  uncertainty  is 
derived  from  decisions  that  may  be  made  by  McClellan  AFB  and  the 
regulatory  agencies.  If  the  decision  is  made  to  use  target  volumes  based 
on  maximum  contaminant  levels  (MCLs)  rather  than  background,  the 
UTVs  in  the  B,  C.  and  D  aquifers  will  be  reduced  in  size  by  approxi¬ 
mately  two-thirds,  and  the  E  aquifer  target  volume  would  disappear 
altogether.  This  translates  into  fewer  extraction  wells  and  lower  costs. 
Further  discussion  on  the  impact  on  using  MCL-based  target  volumes  is 
presented  in  Section  6  S.3.  Impact  of  Target  Volume  Changes  on  the  Cost 
of  Alternatives. 
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6.5. 1.4  Mass  of  Contamination 

The  mass  estimates  for  the  vadose  zone  and  groundwater  are  uncertain 
for  a  vaiiety  of  reasons,  including  assignment  of  contaminant  concen- 
uation  data  from  wells  and  shallow  soil  gas  surveys  to  representative 
polygons  (see  Appendix  F)  and  the  use  of  soil  properties  (e.g.,  bulk 
density,  porosity,  organic  content)  in  the  mass  calculations  based  on 
limited  soils  data. 

The  mass  of  contamination  in  the  aquitards  is  particularly  uncertain 
because  no  contaminant  concentration  data  are  available.  The  aquitard 
mass  estimates  used  the  additional  assumption  that  the  contaminant 
concentration  can  be  approximated  by  the  average  of  the  aqueous 
concentrations  above  and  below  the  aquitard. 

For  the  vadose  zone,  if  masses  are  significantly  higher  than  those 
estimated  an  HCl  scrubber  may  be  required.  Such  a  scrubber  has  the 
potential  to  add  an  additional  S 1 50.000  to  the  capital  cost  of  the 
alternatives  that  involve  soil  vapor  extraction.  For  the  groundwater, 
higher  masses  will  entail  higher  O&M  costs  of  the  groundwater  treatment 
system.  These  costs  were  factored  into  the  original  treatment  costs 
summarized  in  Table  6-9  through  the  use  of  a  20  percent  O&M 
contingency  and  will  not  be  added  to  in  this  section. 

6.5.2  Impact  of  Scope  Changes  on  the  Cost  of  the 
Alternatives 

As  previously  discussed,  there  are  four  main  areas  of  uncertainty  that  may 
impact  the  scope  of  the  alternatives.  Reasonable  scope  increases  that  can 
be  attributed  to  each  area  of  uncertainty  were  developed  for  planning 
purposes. 

Table  6-13  is  a  summary  of  the  assumed  scope  increase  and  the 
associated  increase  in  cost  for  each  alternative.  As  shown,  the  potential 
scope  changes  create  increases  in  capital  cost  that  range  from  18  to 
36  percent  for  Alternatives  3  and  4.  Alternative  2  is  more  sensitive  to 
potential  scope  changes  because  of  the  large  increased  cost  that  would  be 
incurred  if  an  HCl  scrubber  is  required  to  treat  the  offgas. 

6.5.3  Impact  of  Target  Volume  Changes  on  the  Cost 
of  Alternatives 

The  target  vc  mes  that  are  based  on  capturing  the  contamination  that 
exceeds  background  levels  are  probably  not  subject  to  significant  change. 
However,  should  a  decision  be  made  to  establish  target  volumes  using  a 
different  cleanup  level  (e.g.,  capture  of  contamination  that  exceeds 
MCLs),  the  target  volumes  may  decrease  in  size  dramatically. 

MCL-based  target  volumes  are  approximately  one-third  the  size  of  the 
background-based  target  volumes.  This  translates  into  significant  cost 
savings  if  the  decision  is  made  to  use  MCL-based  target  volumes. 

Table  6-14  is  a  summary  of  the  potential  savings  for  an  MCL-based 
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tiirget  volume.  .'Mternaiive';  3  and  4  would  have  capitiil  cost.*;  that  ;ire  2  to 
12  percent  less  thtin  the  background-hased  ttirget  volume  eounterptirts, 

6.5.4  Impact  uf  Implementatiun  Delays  un  the  Cust 
of  Alternatives 

■Any  of  the  ;dtern;itives  ev;du;ited  tu^e  scheduled  to  begin  construction  in 
1‘^‘35  (refer  to  the  implementiition  schedules  in  Section  6.6).  Delays  in 
constfuction  will  increase  the  cost  of  remediation,  primiu’ily  because  the 
contmnination  in  the  groundwater  will  migrate  further,  creating  hager 
target  volumes  that  need  to  be  remt  hated. 

Groundwater  modeling  w;is  performed  to  a.s.sess  the  impact  of 
construction  delays.  Results  from  the  modeling  indicate  that  if  a  ^-yetu 
delay  period  occurred,  the  proposed  groundwater  extraction  well  locations 
for  Alternatives  3  ^ind  4  would  still  be  adequate;  however,  the  pumping 
rates  would  need  to  increa.se  by  approximately  50  percent  (16  percent  for 
each  year  of  construction  delay).  This  increase  in  flow  implies  an 
increase  in  O&M  costs  for  the  groundwater  treaunent  sy.stem.  as 
summarized  in  Table  6-15.  Capital  costs  of  the  treatment  system  would 
idso  be  impacted  by  a  3-year  construction  delay.  Capital  costs  could 
increase  significantly  if  construction  delays  extend  beyond  3  yetirs  ;md  the 
groundwater  target  volume  increase  is  hirge  enough  to  require  new 
extraction  wells. 


6.6  Implementation  Schedules  for  the 
Alternatives 

Figures  6-12.  6-13.  and  6-14  are  estimates  of  implementation  schedules 
for  Alternatives  2,  .3.  ;ind  4.  The  schedules  for  Alternatives  3  and  4 
assume  that  Target  Volume  2  (all  aquifers)  will  be  treated.  The  schedules 
include  engineering  design,  development  of  bid  diKuments.  the  attainment 
of  all  necessary  permits,  and  installation. 
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Chapter  7  Conclusions 


The  following  is  a  list  of  conclusions  generated  during  the  evaluation  of 
this  site.  The  conclusions  are  grouped  according  to  chapter  headings 
presented  within  the  report. 


7,1  Hydrogeologic  Conditions 

•  Seasonal  groundwater  tiuctuations  cause  the  thickness  of  the 
vadose  zone  to  double  during  summer  months. 

•  The  base  of  the  B  aquifer  and  the  top  of  the  C  aquifer  are 
indistinguishable  beneath  the  site.  Water  levels,  flow  direc¬ 
tions,  and  gradients  from  these  two  zones  are  approximately 
equal. 

•  Steep  downward  gradients  exist  beneath  the  site  during  the 
summer  months  causing  downward  flow  from  shallow,  more 
contaminated  aquifers  to  deeper,  less  contaminated,  more 
transmi.ssive  aquifers. 


7.2  Nature  and  Extent  of  Contamination 

•  Contamination  residing  in  the  seasonal  vadose  zone  is  mobi¬ 
lized  by  fluctuating  groundwater  levels  aiding  contaminant 
movement  in  all  directions. 

•  Petroleum  hydrocarbon  contamination  has  been  found 
concentrated  at  depths  representative  of  the  annual  high  and 
low  groundwater  levels. 

•  Tetrachloroethene  (PCE)  accounts  for  over  90  percent  of  the 
vadose  zone  contaminant  mass  and  nearly  40  percent  of  the 
estimated  groundwater  contaminant  mass. 

•  Over  88  percent  of  the  estimated  groundwater  contaminant 
mass  is  made  up  of  trichloroethene  (TCE),  PCE,  and 
1,1-dichloroethene  (DCE).  The  total  groundwater 
contaminant  mass  is  estimated  at  280  kg  (617  lb). 

•  The  estimated  B  aquifer  dissolved  contaminant  mass 
decreased  by  half  between  May  1988  and  February  1991. 
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The  ci)nt;uninani  mass  present  in  the  vaclose  /one  will  be  a 
continuing  source  tor  groundwater  contamination  tor  several 
hundred  yerus  it  left  unchecked. 


VOC  concentrations  from  groundwater  .stunples  from  C  ;uid 
D  aquifer  wells  south  of  the  fenced  compound  have 
exhibited  a  tfend  of  incretising  concentrations  since  19^1. 
Therefore,  VOC  conttunination  is  spretiding  downwttfd  :ind 
outwtu'd  into  the  C  and  D  aquifers. 

VOC  .stunples  from  B  aquifer  monitoring  well.s,  MW-1, 
MW-2.  ;ind  MW-7,  have  shown  tin  increasing  trend  in 
conttunintint  concentrations  .since  Fehrutuy  IW.^. 

A  continuous,  cotu'se-grtiined  C  aquifer  zone  extent  mg  from 
beneath  EW-IB  to  neiu'  MWD-10  is  acting  tts  a  conduit  for 
contain intint  movement  from  a  B  tiquifer  source  tu'ea  near 
EW-IB  to  the  C  tmd  D  aquifers  near  Well  Cluster  MW3. 

Biotrtinsformation  in  the  form  of  tmtierobic  dehalogenalion 
may  be  occurring  in  the  vicinity  of  CH-5.  This  process  may 
be  a  source  of  vinyl  chloride  in  the  B  aquifer  groundwater. 


7.3  Problem  Definition 

•  The  results  of  the  risk  assessment  do  not  indicate  the 
presence  of  conditions  posing  imminent  or  substjuitial  endan- 
germent  of  human  health  or  the  environment. 

•  Remedial  action  is  warranted  at  this  site  to  stitisfy  the 
Regional  Water  Quality  Control  Board  (RWQCB) 
nondegradation  requirement  for  groundwater  and  vadose 
zone  contamination.  Groundwater  tmd  vadose  zone 
contamination  needs  to  be  restored  to  background  conditions. 


7,4  Feasibility  Study 

•  Soil  vapor  extraction  (SVE)  and  treatment  would  likely 
reduce  the  vado.se  zone  contaminant  mass  within  10  yetu's  to 
levels  that  do  not  threaten  groundwtuer  quality. 

•  The  SVE  tmd  groundwai  :  pump  and  treat  tiltemative  has 
the  most  likelihixxl  of  reducing  or  eliminating  .subsurface 
conttunintint  concentrations  at  the  fastest  rate.  This  tilterna- 
tive  is  the  mo.st  co.stly. 
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Recommendations  for  Additional  Work 


Potentuil  remedial  actions  for  the  COCs  are  listed  in  Table  7-1.  Vadose 
/one  and  groundwater  VOC  contamination  can  be  remediated  through  soil 
vapor  extraction  and  treatment  and  groundwater  extraction  and  treatment. 

Table  7-2  contains  a  list  ot  additional  field  investigations  that  are  either 
planned  to  be  performed  at  the  Davis  Global  Communications  Site  or,  if 
performed,  would  aid  in  the  understanding  of  site  subsurface  conditions. 

The  field  investigations  have  been  categorized  to  distinguish  when  the 
action  would  take  place  and  under  which  program  activity  the  action 
would  be  conducted.  Figure  7-1  shows  the  locations  of  recommended 
activities. 
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Recommended  \dditional  Work 

Planned  Investigations 

Prii|>ram  Aclivily 

Reinjection  Well  Drilling  and  Testing-  I'.vu  reinjection 
ccelh  sire  planned  lo  Iv  drilled  souUi  o\  the  Lnccd 
■.*'ni|>>und  area.  <  >ne  reiniectUHi  ccell  u  scheduled  ’  *  he 
tested  lor  inieciion  components  sUch  a.s  spocitic  sapacitv 
dunni'  injecti>Hi  and  clog^tn^  [xuenliaJ.  Also  an  aquitcT 
test  will  be  pertormed  to  estimate  the  extraciton  pi>ten(ial 
■1  the  well  and  to  estimate  acjuifer  hydraulic  properties  in 
the  area  «it  the  well. 

Next  Phase  Remodiai 
Invesiigatum 

Htiri'/iKital  Well  Drilling  and  Pulsed  1  V  Testing-.A 

hon/iMitai  well  will  he*  instalJed  ciihin  the  B  or  t’  /ones 
and  tested  tor  extradion  potential.  A  groundwater 
treatability  study  will  he*  pertormed  using  pulsed  L  V 
technology  on  contaminated  groundwater  from  the  site. 

Innovative  1  eelmojogy 

’’Deep"  Downhole  S(hI  <Ja  Sampling- len  horehedes  will 
he  drilled  to  a  depth  o|  4^  feet.  I><iwiihole  soil  gas 
s;imples  will  Ix'  collected  Irom  coarse-grained  /.ones  dunng 
dnllmg.  Ihe  Ixireholes  will  he  completed  as  soil  vap«»r 
monitonng  wells  or  pie/omeiers 

Next  Phase  Remedial 
lnvesiigaii(»n 

Recommended  investigations 

Installation  of  Additional  Monitoring  Wells-<>ne  addi 
tumaj  munitonng  well  in  the  1:  aquifer  shcHild  he  installed 
between  HW'-lli  and  E:W-21'’  to  monitor  gradients  dunng  1: 
aquifer  extraction  An  additional  monitonng  well  shtnild 
be  installed  in  the  vicinily  of  VfW'-4  to  a  depth  of  appn)X» 
malely  140  feet  below  ground  .«urface  ihgs).  This  weM 
would  function  to  monitor  deep  C  aquifer  contamina;if 
movc*ment  Additional  1)  and  F  aquifer  monitonng  wells 
may  fx*  required  for  plume  deluieation  if  recent  sampling 
results  indicate  contamination  that  is  spreading  in  these 
aquifers. 

Next  Phase  Remedial 
investigation 

Aquifer  Testing  of  New  Extraction  Welb-Aquifer  testing 
should  be  perfom*  d  o  i  the  newly  installed  R  and  C 
aquifer  extraction  wells  to  estimate  available  long-lemi 
extractior  '■ales  and  hydraulic  properties  in  the  vicinity  of 
the  extraction  well.s. 

Interim  Remedial  Actuvi 
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Table  7-2  ((  ontinued) 

Kei'ommended  Additional  VVtirk 

l)uai-l*ha.Ne  Kxtraetion  Testing-  \  dual  pilot  lesi  li»u*rm  Ri-meJial  Action 

Nhould  Iv  konductcJ  .HI  Wl'II  I  W-IH  lo  dt'ii.-niiin..'  iho 
applicahilitv  .»t  dual  pha>L‘  i.*xiracliv'n  at  the  Mie  Du.d 
pho-se  cTiracUon  ma>  have  the  (X'lontial  ol  expediting  the 
vadose  /.HU‘  I ^  inedtati.Hi  [>r<Ki.*ss 

Recoiiimended  lnve>tigations  Program  Activity 

Sampling  for  Biodegradation  Products- Iliere  in  some  f ‘SAl*  (^uanerlv 

indieaium  that  anaeri'bic  hiodegradaium  is  oceumn^  in  the  Sampling:  Bit>venting 

Nuhsurtace  in  the  \.iciniiv  ot  the  former  underground  Trealabiliiy 

'li’rage  tank  localion.  1*1  F  .uid  ’R'F  appear  lo  be 

conxeried  to  vinyl  chloride  in  this  area  AddtlionaJ 

groundwater  :uid  noiI  gas  sampling  for  ethene  ajid  ethane 

.nj\  sht>w  favorable  results  for  mxJegradaUon  of  PC'F!  and 

TCF  to  eihene  and  elhajie  Fihene  and  ethane  are  less 

hazardous  bvproducis  of  PCF  and  TCF  degradation. 

Sampling  of  the  Site  Production  Well-Sample  th.  site  V1v.cle;!an  ArB 

production  well  from  liKalions  both  upstream  and  Uov*.'  Sampling  Program 

stream  from  the  point  of  chlonnatuxi.  Tnhalomethanes 
have  been  detected  m  water  samples  cnUecled  from  the  sue 
production  well.  ITies.  conta/mnanf.s  are  often  the 
byprodi  ts  of  the  chl(  nnatum  prtxess.  The  samples  fr<.im 
the  site  pnxluctton  well  shcxild  be  collected  aK>ve  the 
point  of  chlonnation.  However,  the  occurrenc  •  of 
inhaJomeihanes  may  be  the  result  of  a  sample  being 
collected  downstream  frxim  the  point  of  chlonnaiion.  A 
companson  of  these  two  samples  may  provide  an  explana¬ 
tion  for  the  occurrence  of  the.se  contaminants. 
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SAMPLE  TAP  FROM 
PRODUCTION  WELL 
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